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YIELD AND YIELD DEVELOPMENT OF CHICKPEA (Cicer arietinum L.) 
ABSTRACT 
Preliminary research has shown that chickpea has the potential to be a high yielding crop. 
However, like most grain legumes, the problem of harvest index variability in chickpeas hinders 
the realisation of their full potential seed yield. The overall objective of this work was to study 
the effect of agronomic factors on the development of seed yield in chickpeas. 
Experiments in 1992-93 and 1993-94 studied the effects of sowing date, nitrogen and inoculation. 
The high rate of abortion of reproductive structures observed in the 1992-93 and 1993-94 seasons 
led to the 1994.:95 experiment. This experiment was designed to study the effect of reduced light 
intensity and water availability on the abortion of reproductive structures in chickpeas. 
The optimum time of sowing of chickpeas in Canterbury was found to be from October to early 
November. This gave a seed yield over 3 tlha. Application of 90 kg of N/ha increased seed 
yield by 18 % in soils that were low in available nitrogen. Irrigating chickpeas in an unusually 
dry year (1994-95) gave a seed yield of 3.9 tlha in full light. Inoculation with Rhizobium had 
no effect on seed yield. 
In 1993-94 more than 60 % of seed yield was produced on secondary branches and only about 
10 % on main stems. In 1994-95 irrigated plants produced about 50 % of their seed yield on 
secondary branches. However, unirrigated plants had more than 40 % of their seed yield on 
primary branches with about 35 % on secondary branches. In both 1993-94 and 1994-95, 
secondary branches accounted for 60-79 % of the total number of branches per plant. The 
heaviest seeds (average 317 mg) in early sown plants were located on the middle third of the 
branches, while in later sowings, the heaviest seeds (average 325 mg) were located on the bottom 
third of the branches. 
The differences in total dry matter (TDM) production due to sowing date in 1993-94 were mainly 
a function of plant population. However, maximum dry matter production was not affected by 
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plant population. Maximum crop growth rates increased from 12 g/m2 per day in the July sowing 
to 21 g/m2 per day in the November sowing. In 1993-94 nitrogen at 90 kg/ha increased TDM 
production from 693 to 783 g/m2 (P<O.OI). There was a highly significant linear relationship 
(r = 0.991) between dry matter accumulation and cumulative intercepted photosynthetically 
active radiation (PAR) in 1994-95, which showed the plants produced 2.6 g dry matter for each 
MJ of intercepted PAR. Irrigated plants reached canopy closure (LAI = 3) about ~2 days faster 
than unirrigated plants (71 DAB). Irrigation significantly increased PAR interception by 38 % 
from 355 to 490 MJ/m2 (P<O.OOI). Crop growth rate (CGR) of unshaded plants (27 g/m2 per 
day) was 93 % higher than the CGR of shaded plants. 
Harvest index (HI) ranged from approximately 0.23 in winter to 0.40 in the spring sown plants. 
Irrigation and reduced light intensity both reduced HI from approximately 0.52 to 0.37 (P<O.OOI). 
A combination of the two factors together decreased HI from 0.56 to 0.25 (P<O.OI). Nitrogen 
and Rhizobium had no effect on HI. , One of the main factors causing low HIs was a high rate 
of abortion of reproductive structures. 
Abortion of reproductive structures, as high as 65 % of the total number produced, was observed 
in early spring and winter sown plants. In contrast October and November sown plants only 
aborted about 30 % of their reproductive structures. On average 80 % of the total structures 
aborted per plant were of flowers and green pods. In early sown plants maximum abortion 
occurred on the bottom third of branches and was due to low temperatures and low assimilate 
supply. In late sown plants maximum abortion was on the top third of the branches and was 
mainly due to a lack of photosynthetic assimilates. This location of high abortion corresponded 
with low seed yield. A significant relationship (r = 0.712) was observed between water received 
by the crop and high rates of total abortion per plant. However, a high rate of abortion (72 % 
per plant) of flowers, pods and seeds was also caused by the combination of reduced light 
intensity and irrigation. 
In all three growing seasons phenological development depended on accumulated therinal time 
for all growth stages, except for emergence to flowering. For emergence to flowering there was 
a highly significant linear relationship (r = 0.820) between development rate and photoperiod 
corrected temperature. An accurate prediction of flowering stage based on an accumulated mean 
thermal time was 179°C days from emergence above a base temperature of 4°C. 
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The recommendations from this study are that for optimum seed yield and a stable HI, chickpeas 
in Canterbury should be sown from October to early November. Even though there was no 
response to inoculation, inoculating with Rhizobium is recommended based on previous results, 
till more compatible strains can be isolated. Nitrogen application is recommended only in soils 
where available soil nitrogen levels are low. Irrigation is not recommended. 
IV 
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CHAPTER 1 
INTRODUCTION 
Chickpea (Cicer arietinum) is a grain legume ,crop. grown primarily for its high protein content 
'" (up to 30 %) (Jambunathan and Singh, 1990). It is cultivated mainly in the Indian sub-continent, 
but is gaining popularity in other countries around the world. It is the third most important pulse 
crop after common beans (Phaseolus vulgaris) and peas (Pisum sativum) (FAO, 1995). 
-Although pea is the traditional grain legume cultivated in New Zealand (22,647 ha in 1992) along 
with the addition of lentils (Lens culinaris) (3,549 ha in 1992) in recent years (NZ Department 
. v 
of Statistics, 1994a), there has been a gradual shift towards the growing of other grain legumes. 
Chickpeas were introduced into New Zealandin 1977 as anew research project (Jermyn, 1988), 
in response to persistent Cdfnmercial .interest in it as a potential high value crop. At present 
chickpea in New Zealand is imported from Australia, India, Lebanon and the United States of 
America. In 1992-93 the total imports of chickpeas into New Zealand totalled 177 tonnes costing 
$NZ 269,402 (NZ Department of Statistics, 1994b). The present New Zealand market price 
ranges from $NZ 1500-18001t (Archem Trading (NZ) Ltd., 1995, Pers. comm.) and they have 
good export potential (McNeil, 1991). However chickpea production in New Zealand is still at 
an introductory stage. Preliminary research by Hernandez and Hill (1983, 1985), Hernandez 
\ \. ' 
(1986), Mckenzie' et al. (1992) and McKenzie and Hill (1995) has shown that chickpeas can be 
successfully grown in Canterbury and can produce seed yields of more than 3 t/ha. 
In New Zealand only chickpea seed has any commercial value. The production of high crop seed 
-- yield depends on maximizing yield components, with a high and stable harvest index (ill). A 
problem faced by chickpea cultivators around the world is the variable HI of the crop (Khanna-
Chopra and Sinha, 1987). In Canterbury, the HI of chickpeas has ranged from almost zero in 
a very wet season to 0.46 in a more typical dry season (Hernandez, 1986). Ambrose and Hedley 
(1984) and Moot (1993) have reported that individual plant ill in peas can range from 0-60 %. 
Similarly Kirthisinghe (i986) observed HI in individual lentil plants ranged from less than 1 to 
over 60 %. In field bean (Vida faba) HI was reported to range from 27-53 % (Husain et al., 
1988a). 
2 
./ 
- The main causes of yield component variability ~e g/o~pic (Sadhu and MandaI, 1989), 
genotype by environment interactions (Shrivastava et ai., 1990), climatic variability in tenns of 
temperature regime and moisture availability (Saxena, 1990~Poma and Fior( 1990; Pala and 
J ./ ,.I 
Mazid, 1992) and plant popUlation (Saxena, 1987; Singh et ai., 1988). The presence or absence 
.,/ v"" 
of agronomic inputs such as fertilizer (Subba Rao, 1988), irrigation (Saxena, 1987), inoculation 
/ v~ 
(Rupela and Dart, 1980), and weed and pest control (Shaktawat and Shanna, 1986) can also 
contribute to variation in yield components. This variation tends to be both genotype and 
location specific, so it must be investigated locally to develop crop management 
recommendations to stabilise chickpea yields in any particular region. 
Past work in Canterbury on lentils (McKenzie and Hill, 1~1) and peas (Moot, 1993), and the 
work of Hernandez (1986) on chickpeas has shown that environmental" conditions and soil 
conditions can have a large effect on the yield and the development of yield components, and 
consequently on the HI in grairi legumes. 
Variability in HI, which seems to be common in grain legumes, can result in a significant 
variation in yield. Therefore an understanding of the factors that affect flowering and yield 
development could lead to management recommendations which could increase the stability of 
HI and thus yield. 
This work was undertaken to try to understand the development of yield in chickpeas. This was 
done by studying the effect of several agronomic factors on the development of the yield 
components of the crop. 
The research had the following objectives: 
(1) To determine the optimum sowing date to maximize seed yield of chickpea in the 
Canterbury environment. 
(2) To examine the effect of time of sowing, Rhizobium and nitrogen fertilizer, on the 
variability of harvest index and yield. 
-- (3) 
(4) 
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To follow the phenological development of the crop from sowing to harvest in order to 
be able to predict the time taken for the crop to reach various phenological stages. 
To study the pattern of yield development from flowering to harvest maturity, to quantify 
flower production and abortion, pod set and abortion and seed set, and to ascertain the 
extent and possible causes of flower and pod abortion. 
(5) To investigate the effect of water supply and limitations of light on the development of 
yield from flowering to harvest and to identify which factor is the most important in the 
determination of yield. 
A diagrammatic summary of how these objectives have been dealt with in the different chapters 
is presented in Fig. 1.1. To fulfil the objectives of the research programme, three major field 
experiments were conducted over three different growing seasons, 1992-93, 1993-94 and 1994-95. 
The aims of each experiment are presented below. 
1.1 Experiment 1 
Experiment 1 was a preliminary experiment which was conducted to: 
1. Study the effect of different rates of nitrogen and Rhizobium application 
on seed yield and yield components. 
2. Study the influence of winter and spring sowing on seed yield and yield 
components. 
3. Monitor the phenological development of the crop. 
4. Tag randomly selected plants to allow close monitoring of yield 
component development. 
1.2 Experiment 2 
Experiment 2 was conducted to: 
1. Reconfirm the influence of nitrogen on yield. 
2. Test the range of possible sowing dates for the Canterbury region to 
determine the most suitable sowing time. 
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3. Monitor the phenological development of the crop. 
4. Closely monitor the flowering pattern and yield component development 
on randomly selected representative plants by the tagging of flowers and 
pods. 
1.3 Experiment 3 
This experiment was conducted to study the influence of reduced light intensity and moisture 
availability, which are the most likely factors affecting seed yield development in chickpea. The 
following were recorded: 
1. Phenological development of the crop. 
2. The extent, timing and location of aborting reproductive structures. 
3. Total dry matter production and seed yield. 
4. The development of yield components from tagged plants. 
CmCKPEA EXPERIMENTAL PROGRAMME (1992-95) 
AGRONOMY OF CmCKPEAS 
AND HUSBANDRY 
RECOMMENDATIONS 
(Objective 1,2 & 3) 
Nitrogen, Rhizobium and 
sowing date effects 
(Chapter 3) 
Background infonnation 
(Chapter 2) 
CONSTRAINTS ON YIELD 
DEVELOPMENT 
(Objective 4 & 5) 
. 
Light intensity and 
irrigation 
(Chapter 4) 
Yield development 
(Chapter 5) 
Crop ph~nology 
(Chapter 6) 
Conclusions related to : 
Objectives 1-5 
(Chapter 7) 
5 
Fig.!.!. A diagrammatic representation of how the main objectives of this study are dealt 
with in the different chapters. 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 INTRODUCTION 
Chickpeas are an ancient crop usually grown for their seed which is nutritionally of a very high 
quality (Saxena, 1990). Their high protein content makes it a popular protein supplement for 
vegetarians. It has also found its way into specialty health shops, and the spread of exotic 
restaurants and ethnic food has widened the range of occasional users, popularising it further (van 
Rheenen, 1991). Ranging among varieties, the seeds contain approximately 12.4-31.5 % crude 
protein, 3.8-10.2 % fat, 52.4-70.9 % total carbohydrate and 1.7-10.'1 %. crude fibre. True 
digestibility, biological value and net protein utilization of chickpea seed ranges from 85-89 %, 
83-85 % and 92-97 % respectively (Williams and Singh, 1987). The crop is also known to have 
several medicinal uses (Duke, 1981). It also has the potential to become a protein and calorie 
source of animal feed for both ruminants and non-ruminants (Saxena, 1990). Approximately 
90 % of the world production in chickpea is produced in Asia, of which 81 % is produced in the 
Indian Sub-continent (FAO, 1995). However, chickpea is gaining in status in other parts of the 
world as pulses are becoming increasingly important in crop production systems. 
2.2 ORIGIN AND DISTRIBUTION 
Mesopotamian records from 3000 B.c. indicate that chickpea (eicer arietinum L.) was a common 
food in the Middle East (van der Maesen, 1987). Archaeological evidence, although rare, dates 
the cultivation of chickpea back to about 6500 B.C. in the regions of current Syria, Israel and 
Turkey (Ladizinsky, 1995). It is difficult to say where chickpea originated exactly, but 
considering the occurrence of its progenitor, Cicer reticulatum, a wild species, it may be inferred 
that chickpea originated in S.E. Turkey and adjoining Syria (Ladizinsky and Alder, 1976; van 
der Maesen, 1987). From there it spread to the Mediterranean and to India about two centuries 
ago (Vishnu-Mittre, 1974). Although essentially a sub-tropical crop, chickpea is grown in a wide 
range of environments. The crop is now being grown in about 55 countries around Asia, Africa, 
North, Central and South America, Europe and Australia, and contributes about 13 % of the 
world total pulse production (FAO, 1995). 
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-- 2.3 TAXONOMY AND BOTANY 
The genus Cicer belongs to family Leguminosae, sub-family Papilionoideae. It was originally 
classified in the tribe Vicieae, but since it was sufficiently distinct it has been considered a tribe 
of its own, the Cicereae (Kupicha 1977, cited by van der Maesen, 1987). Van der Maesen 
(1987) has recognised 43 species in the genus Cicer, 9 annual, 32 perennials and 2 for which 
descriptions have not been traced. However the chickpea, Cicer arietinum L. is the only 
cultivated species in this genus. There are two very distinct sub groups described within this 
species; microsperma, commonly called desi and macrosperma, commonly accepted as kabuli. 
The desi types have small pods, seeds, leaves and leaflets. Seeds are of different colours and 
forms. A high frequency of coloured flowers and vegetative parts characterize this race. In the 
kabuli types the pods, seeds, leaves and leaflets are bigger. Seeds are mainly white, pinkish or 
reddish black, with a rough coat. It has a high frequency of white flowers and green vegetative 
parts (Hawtin and Singh, 1980). 
The botany of chickpeas has been reviewed from Purseglove (1974), Summerfield and Roberts 
(1985), Malhotra and Singh (1985), Cubero (1987) and is as follows: The plant is an erect or 
spreading, much branched, annual herb, about 25-50 cm tall. It has a well developed tap root 
and numerous lateral roots with large nodules. Practically all the nodules occur in the top 30 cm 
of soil with 90 % within the first 15 cm from the surface. Its root system is more extensive in 
late maturing, spreading cultivars than in early, spreading ones. Leaves are pinnate about 5 cm 
long and leaflets ovate, elliptic or obovate and serrate. The flowers are zygomorphic, small, 
axillary on a jointed pedicel and usually solitary. Genotypes producing 2-3 flowered pedicels 
are rare and a second flower on a pedicel is usually abnormal. The calyx has five united sepals 
and is covered with dense glandular hairs. In common with legumes of this sub-family, the 
corolla is comprised of a standard petal (vexillum), two free wing petals and two fused keel 
petals. The average maximum widths of the standard petal in large and small flowered lines 
varies from about 11.1 to 9.9 + 0.04 mm. Petals can vary in colour from white, greenish-white, 
pink or purple to red and blue. Stamens are lOin all, 9 united and 1 free, with uniform anthers. 
The ovary is sessile, having a terminal and slightly broadened stigma and incurving style. Pods 
are swollen, oblong, 2-3 x 1-2 cm in size, containing 1-2 seeds. The seeds are angular, 0.5-
1.0 cm in diameter, with pointed beaks, wrinkled or rough surface, ranging in colour from white, 
yellow, red, brown to nearly black. The average test weight of 100 seeds is 17-27 g in desi 
genotypes and ranges from 10-75 g in kabulis. The plants are usually self pollinated and 
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- germination is hypogeal. Propagation is from seed. 
2.4 GROWTH AND YIELD 
Even with its present importance and rising demand, chickpea yields still have not reached their 
potential. In India and even at a global level (FAO, 1995), farm yields of chickpea have 
averaged less than 1.0 tlha which is only about 25 % of research plot yields (Saxena, 1990; 
ICRISAT, 1991). FAO (1995) figures show that the world average production of chickpea is still 
only 0.75 t/ha. There is a very wide range of variability in the yields obtained on farmers fields 
among the chickpea growing countries. According to FAO (1995) it ranges from the highest of 
1.9 t/ha in Lebanon (from an area of 4,800 ha) to the lowest of 0.23 t/ha in 1iritrea, North Eastern 
Africa (from an area of 3,000 ha). Although India is the largest producer of chickpea in the 
world in terms of area (63 % of world total) and production (64 % of world total), it averages 
a very low 0.76 t/ha. Among the top eight chickpea producing countries in the world that have 
more than 100,000 ha ofland under chickpea cultivation (India, Pakistan, Turkey,Iran, Australia, 
Myanmar, Ethiopia and Mexico), the seed yield per hectare ranges from a high of 1.6 tlha in 
Mexico to 0.52 tlha in Iran. This disparity is a clear challenge for chickpea researchers and 
growers. Because of this variability the International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT) placed priorities for chickpea research in the areas of: crop protection (mainly 
insects and diseases); followed by crop improvement and production (ICRISAT, 1991). 
A greater understanding of the factors that determine yield are necessary to try and determine 
the loss of yield potential of this crop. 
2.4.1 SOWING DATE EFFECTS 
Sowing date is one of the most important agronomic factors affecting chickpea productivity 
(Saxena, 1987). The environmental factors which determine optimum sowing date are the pattern 
of moisture availability during plant growth, temperature and photoperiod. 
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- 2.4.1.1 Temperature and day length 
Legumes are particularly sensitive to variations in day length and day and night temperatures. 
Rising temperatures coupled with increasing day length reduces the vegetative and reproductive 
periods of plants and may cause low yields in chickpeas (Hernandez, 1986; Saxena, 1987) and 
lentils (Gray and de Delgado, 1989). Increasing the duration of the vegetative growth enables 
the development of a larger photosynthetic surface and a greater number of sites for reproductive 
sinks (Khanna-Chopra and Sinha, 1987). Supra-optimal temperatures of more than 30°C during 
the vegetative period, flowering and seed formation are a constraint on productivity and 
production of high chickpea yields (Dahiya et al., 1987; Summerfield et aI., 1990). Since an 
increase in temperature hastens crop maturity and senescence (Khanna-Chopra and Sinha, 1987), 
supra-optimal temperatures are likely to shorten crop duration to an ex.tent that dry matter 
accumulation and seed yield are decreased. 
Successful germination and emergence are the primary requirements for good crop establishment. 
Controlled environment studies have shown that chickpea seed germination can occur over a 
range of temperatures above a base temperature, reported to be 0 °C, but is fastest at around 
32°C (Covell et al., 1986). There are no defined base temperatures for the other phenological 
stages (Huda and Virmani, 1987). However for flowering there have been reports of base 
temperatures ranging from 0 °C to 8°C (Huda and Virmani, 1987; Sharma and Sonakiya, 1990; 
Piara Singh, 1991; Summerfield et al., 1991). Under controlled conditions, Summerfield et al. 
(1989) have observed genotypic differences in base temperature for the rate of progress towards 
flowering ranging from -11.7 °C to 1.4 °C. 
The only way growers can influence the temperature regime experienced by their crop is by 
altering sowing date. This can then influence relative timing of different phenological 'stages and 
influence potential yield. Since the agroclimatic environments of the chickpea growing areas of 
the world are different, optimum sowing times will be specific for each area. 
In North India where the traditional chickpea sowing time is winter, studies have shown that 
early winter sowing (mid-October to mid-November) is the optimum period (Saxena, 1987; 
Papendick et al., 1988). Late sowing, after November 18 reduced yield by 28 % for every 10 
day interval delay (Paikaray and Misra, 1992). In peninsular India, where the growing season 
is too short (90-120 days) for sowing in October, sowing even a month earlier gave a yield 
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increase of 35-120 % (Bahl et al., 1990). In the Mediterranean region, early sowing of chickpeas 
in early or mid-winter has been reported to give increased seed yields of up to one and a half 
times that obtained in the traditional late winter or spring sowing (Saxena, 1980a; Poma and 
Fiore, 1990; Pala and Mazid, 1992). However when sown in winter late maturing cultivars 
perform better than medium and early maturing ones (Calcagno et al., 1988a), because early and 
medium maturing cultivars are not able to take optimum advantage of the extra time available. 
In Victoria and Northern Australia, autumn and winter sowing is reported to be the best time to 
sow (Pye, 1980; Bennett and McNeil, 1985). 
For the Canterbury plains of New Zealand, Hernandez and Hill (1985) have reported a 23 % drop 
in yield from early summer sowing when compared to spring sowing. However it is not known 
if even earlier sowing (mid to late winter) could further increase yield. Therefore, a study using 
a wide range of sowing dates is needed to determine the optimum sowing time. 
2.4.1.2 Soil moisture 
In South and South-East Asia and in the Mediterranean region, chickpea is grown mainly as a 
rainfed crop (Singh and Das, 1987; Summerfield et al., 1990). Therefore, sowing date may be 
a critical determinant of yield of unirrigated chickpea (Saxena, 1987). Soil moisture at time of 
sowing is a critical factor for germination and obtaining an adequate plant stand (Saxena et al., 
1983). When soil moisture content decreased from 17 % to 8 % seed germination in chickpeas 
decreased from 100 % to 20 % (Hadas, 1970). Sowing date should be adjusted to ensure that 
maximum soil moisture is available to the crop. This availability of soil moisture determines to 
a large extent the duration of the crop in these regions (Papendick et al., 1988). 
Keatinge and Cooper (1983), reported that a shift of sowing date from spring to winter in Syria 
increased chickpea seed yield by about 53 0/0. In the Mediterranean region, the most significant 
advance in chickpea improvement so far has been shifting the sowing date from the traditional 
spring sowing to autumn. This was made possible by selecting cultivars showing resistance to 
low temperatures (to -5°C) and to Aschochyta blight. This shift to autumn sowing has allowed 
the crop to profit from winter rainfall and a longer vegetative period and has increased yields by 
about 21 % (Calcagno et al., 1988a; Cubero and Moreno Cubero, 1990). 
In Eastern India, where chickpeas are grown on residual soil moisture following wet-season rice, 
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delaying sowing by 18 days from rice harvest decreased seed yield by about 35 %. Water use 
efficiency decreased from 3.2 kg/halmm for plants sown on the day of the rice harvest to 
2.1 kg/halmm for those sown 18 days later (Chakraborty and Mittra, 1994). Similar findings 
were reported by Maniruzzaman and Ahad Miah (1991) for Bangladesh. This shows the 
importance of soil moisture availability in determining optimum sowing date, particularly in very 
dry regions. 
2.4.2 SOIL FERTILITY 
In most parts of the world grain legumes are grown on infertile soils and often show little 
response to applied nutrients because yields are limited by other management practices 
(Papendick et al., 1988). Apart from their importance as food, legumes are usually included in 
cropping systems to improve soil fertility because nodulated legumes can fix significant amounts 
of atmospheric nitrogen in their nodules. 
Chickpea is generally considered to be a low input crop in the cropping systems of the semi-arid 
tropics (Saxena, 1987). It is mainly confined to marginal lands and is seldom fertilised, therefore 
it often suffers from deficiency of one or more nutrients. Its response to added mineral nutrients 
depends largely on the different soil types and environmental conditions (Ahlawat, 1990). The 
total uptake of nutrients by a chickpea crop is estimated to range from 60-200 kg nitrogen (N)/ha, 
5-15 kg phosphorous/ha (Saxena, 1980a; Saxena and Sheldrake, 1980; Saxena, 1984) and 
60-170 kg potassiumlha (Saxena, 1984). 
2.4.2.1 Nitrogen 
The response of chickpeas to nitrogen application is variable. They are estimated to fix from 
1-141 kg N/ha depending on the method of measurement and the cultivar used (Rupela and 
Saxena, 1987). Several workers have reported that the application of 15-25 kg N/ha as a starter 
dose was useful in soils with low available soil nitrogen (Chowdhury et ai., 1972; Saxena, 1987; 
Subba Rao, 1988; Roy and Singh, 1989; Thakur et ai., 1989). Application of 30 kg N/ha 30 days 
after sowing (DAS) significantly increased total dry matter (Hernandez and Hill, 1984). 
McKenzie et al. (1994) reported a 14 % increase in dry matter and seed yield, a 5 % increase 
in mean seed weight and an 8 % increase in ~eed protein content with 50 kg N/ha. All this 
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supports early work by AlIos and Bartholomew (1959), who reported that soybeans (Glycine max) 
and other small seeded legumes are only able to fix about one-half to three quarters of their 
nitrogen requirements. However, Saxena (1980a) has reported that although nodulation is not 
adversely affected and early crop growth is slightly improved there is usually no advantage in 
final seed yield. A reduction in nodule biomass in chickpea with applied nitrogen has been 
reported by Saxena and Sheldrake (1980) and Rupela and Saxena (1987). 
Saxena and Sheldrake (1980) and Saxena (1987) reported that applying high rates of nitrogen (up 
to 100 kg/ha) did not significantly increase yield when compared to a crop with actively 
nodulated plants. In areas of very poor or no inoculation application of up to 120 kg N/ha has 
given yield increases. However, with higher rates a split application (half each at sowing and 
flowering) was found to be better than a single one (Saxena, 1980a) .• Because nitrogen is 
important in seed growth and thus yield, an application of nitrogen fertilizer at flowering has 
given substantial increases in yield. This may be because photosynthate otherwise preempted by 
the nodules is made available for seed development (Lawn and Brun, 1974; Hardwick, 1988). 
Considering the contradictory information available on the nitrogen requirements of chickpeas, 
it would appear that the necessity, amount and time of nitrogen application for a chickpea crop 
depends on the nutrient availability and the Rhizobial status of the site in question. 
2.4.2.2 Other nutrients 
A comprehensive review by Ahlawat (1990) shows that the other nutrients of importance to the 
chickpea plant are phosphorous (macronutrient), sulphur (secondary nutrient), and molybdenum 
(micronutrient). 
The main problem in phosphorous nutrition is that only 10-25 % of applied phosphorous is 
utilized by the crop (Shinde and Saraf, 1992). Th~J!lc~ tllat gen~rally _ch~ckpeas tend not to 
respond to phosphorous fertilizer even in soils with an .. available phosphorous status at which 
other food legumes and cereals respond positively, suggests that the crop is extremely efficient 
at taking up phosphorous from the soil (Saxena, 1980a; Saxena, 19M). However several 
investigators have reported seed yield increases following 20-80 kg/ha phosphorous applications ; ~---- - .. - - A .-. .- ~
J(Kushwaha et al., 1985; Roy and "Singh, 1989; Arihara and Okada, 1991; Shinde and ~araf, 
------_._._- - ~ - -._------.--.- - - -- ~
1992). The effect of phosphorus applications can be enhanced by establishing a strong \ f 
, 
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mycQ!!Eizal association with vesicular-arbuscular mycorrhizal (V AM) fungi (Thompson, 1991), 'i 
in the presence of adequate soil moisture (Kushwaha_et al., 1985). Acid exudates from the roots 
allow the plant to access more phosphorus from alkaline soils (Arihara and Okada, 1991; 
Johansen and Sahrawat, 1991), especially when the phosphorous is applied in conjunction with i .. / 
a starter dose of nitrogen and Rhizobium (Ahlawat, 1990). 
Sulphur is now recognised as the fourth major nutrient in crop production and is required in large 
( v.!lfjA;, / /1<76) 
amounts in pulses.· Sulphur application, on alluvial soils, in India at 80 kglha gave a 38 % 
increase in chickpea seed yield, with a response of 7.6 kg seed for each kg of sulphur applied 
(Tandon, 1986). However in a sandy loam soil with low available sulphur an application of 
40 kg sulphur/ha increased seed yield by 18 % while an application of 80 kg sulphurlha dropped 
that increase by 2 % (Shinde and Saraf, 1992). This suggests that soil type-may influence plant 
response to sulphur application. Dube and Misra (1970), attributed a decrease of 37.7 % in seed 
protein content and 5 % in number of seeds/pod in chickpeas to sulphur deficiency. Without 
adeq~ate sulphur, plants do not nodulate effectively and do not fix sufficient quantities of 
atmospheric nitrogen (Tandon, 1986). 
Grain legumes are very sensitive to soil molybdenum levels and their response to molybdenum 
application is better in acidic soils, below pH 5.6 (Mahler et ai., 1988). Molybdenum is 
important in nitrogen metabolism where it also increases photosynthetic efficiency and aids 
nitrogen fixation through the legume-Rhizobium symbiosis (Kanwar and Youngdahl, 1985). 
Verma et al. (1988) reported that even in the absence of Rhizobium inoculation application of 
\1 ' 
molybdenum increased nodule number and weight. It also increased the number of pods, seed \~/ 
yield and seed protein content. 
2.4.3 RHIZOBIUM INOCULATION 
Grain legumes are often inoculated with cultured Rhizobium bacteria to provide sufficient root 
nodule bacteria to allow the host plant to nodulate, thereby improving and maximising biological 
nitrogen fixation (BNF). This reduces the plant's dependence on available soil nitrogen and also 
results in better crop yields (Clark et al., 1988). Since chickpeas are mainly grown on marginal 
lands by resource poor farmers it has an important role in sustaining cropping system productivity 
through BNF (Rupela and Beck, 1990). The role of Rhizobium inoculation in increasing chickpea 
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seed yields and symbiotic nitrogen fixation is well documented (Sundara Rao and Sen, 1969; 
Hernandez and Hill, 1984; Singh et ai., 1987a; Raut and Kohire, 1991; Beck, 1992). However, 
Beck et al. (1991) reported that chickpeas do not fix adequate nitrogen for its own growth even 
when vigorous nodules are present. Also, the extent of BNF by chickpeas is dependent on 
several factors that control the symbiotic relationship between the nitrogen fixing bacteria and 
the host plant (Rupela and Saxena, 1987). 
2.4.3.1 Host specificity 
Rhizobium strains which nodulate chickpea are very specific and do not show any cross 
inoculation affinity with other species that belong to the known cross inoculation group in 
legumes. Cicer-Rhizobium nodulate Cicer arietinum and rarely, but non-reciprocally, Sesbania 
bispinosa and S. sesban (Gaur and Sen, 1979). According to Bergey's Manual of Systematic 
Bacteriology, bacteria nodulating chickpea are regarded as slow growing bacteria and are named 
as Bradyrhizobium sp. (Cicer). Fast growing bacteria, Rhizobium loti are also know to form 
nodules on chickpea (Jordan, 1984). However in spite of marked specificity, there is diversity 
among chickpea rhizobia for growth characteristics (Bromfield and Kumar Rao, 1983) and 
efficiency (Rupela and Saxena, 1987; Rupela and Beck, 1990). 
2.4.3.2 Biotic factors influencing symbiosis 
Rhizobium strain x host cultivar specificity: The nodulating ability of chickpea varies among 
cultivars, with significant differences in cultivar-Rhizobium strain interactions for seed yield, 
nitrogen yield and nitrogen fixation (Beck, 1992). These interactions are due to genes in both 
the host plant and Rhizobium that are involved in the symbiosis, and are responsible for the 
efficient use of photosynthate for nitrogen fixation and assimilation (Beringer et al., 1988). 
Rupela and Dart (1980) observed that Rhizobium inoculation of chickpea increased seed yield by 
28 %. Some cultivars nodulated better with certain strains, however mixing strains had no 
advantage over a single strain. Similar observations of cultivar-Rhizobium strain interactions 
were made by Islam (1981), Chandra and Pare~k (1985) and Pedgaonkar and Raut (1985). There 
may also be a significant interaction between location, Rhizobium strain and chickpea cultivar 
(Subba Rao, 1988), but this may be attributed to other biotic and abiotic factors discussed later 
in this chapter. Therefore it is important that in order to increase BNF and subsequently grain 
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__ yields, Rhizobium strains specific to cultivar and location be isolated. 
Native rhizobia: The presence or absence of competition between Rhizobium strains already in 
the soil and applied Rhizobium is another factor controlling the efficiency of strains used to fix 
nitrogen in the soil (Patel et ai., 1986). Successful establishment of inoculant strains in soils with 
high native rhizobial populations is difficult and is only occasionally observed (Rupela and Dart, 
1980; Bohlool, et ai., 1988; Schmidt, 1988). Under such conditions, the use of identified 
effective Rhizobium strains and Rhizobium strain x host genotype interactions would be difficult 
to exploit to obtain a yield increase (Rupela and Beck, 1990). 
2.4.3.3 Abiotic factors influencing symbiosis 
Moisture: Both inadequate and excess soil moisture can affect nodulation and nitrogen fixation. 
Rupela and Kumar Rao (1987) reported that on a soil populated with large numbers of suitable 
Rhizobium, legumes grown under irrigation nodulated much more readily than plants grown under 
dryland conditions. Under residual soil moisture conditions the period of nitrogen fixing activity 
of chickpea nodules varies depending on the period for which adequate soil moisture is available 
(Rupela and Dart, 1980). Saxena and Sheldrake (1980) reported that in South India nodule mass 
increased during the vegetative growth period and declined in the later part of the reproductive 
period. This could be related to the fact that available moisture for a chickpea crop grown on 
residual moisture decreases as the season progresses. But this could also be due to the increased 
sink potential of the seeds (Lawn and Brun, 1974). 
Most nodules are confined to a 0-15 cm depth and towards the end of the reproductive phase 
more than half of the chickpea roots lie below 45-60 cm. At Hyderabad, Beck (1992) reported 
a 60 % increase in the amount of nitrogen fixed by chickpeas in a wet season over that in a drier 
season. Waterlogging affects nitrogen fixation directly due to anoxia and indirectly by reducing 
photosynthate availability (Rupela and Saxena, 1987). 
Temperature: Rhizobia are generally susceptible to soil temperatures above 25°C. The affect 
of high temperatures is reported to be more severe in moist soil than in dry and tolerance varies 
with Rhizobium strain (Wilkins, 1967). Soil temperatures above 30°C are considered 
supra-optimal for nodule functions (Rupela and Saxena, 1987). Similarly soil temperatures lower 
than 15°C that occur in West Asia and North Mrica are also likely to adversely affect nitrogen 
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_ fixation in the early stages of plant growth (Rupela and Beck, 1990). Optimum soil temperature 
for nitrogen fixation in temperate legumes appears to be between 15 and 25°C (Sprent et ai., 
1988). At higher temperatures nitrogen fixation can be indirectly affected by reduced supply of 
photosynthates due to increased rates of respiration. However for chickpea it has been possible 
to identify Rhizobium strains which can fix nitrogen at 30°C (Rupela and Kumar Rao, 1987). 
There appears to be no clear indication of critical low temperatures below which nitrogen fixation 
in chickpeas cannot occur. There is a report of nitrogen fixation occurring below 10 °C (Rupela 
and Kumar Rao, 1987). However, Rupela and Beck (1990) have reported that soil temperatures 
lower than 15°C occurring in the early stages of plant growth are likely to have adverse affects 
on nitrogen fixation. 
Salinity: Salts of Na and Ca are toxic to Rhizobium at high concentrations. Sodium chloride at 
concentrations starting from 0.01-2.0 % inhibit growth of rhizobia. Some strains can tolerate up 
to 0.5-5.0 % of these salts (Saxena and Rewari, 1992), therefore such strains must be selected 
for use in saline soils. Isolating Rhizobium strains from salt affected soils has belm recommended 
to combat the problem of soil salinity on nodulation and nitrogen fixation (Rupela and Kumar 
Rao, 1987). 
2.4.4 LIGHT RELATIONSHIPS 
The main determinant of the growth and yield of crops is the 'amount of solar radiation 
Y'. 
intercepted by their canopies during the growing season (Motith and Elston, 1983). 
2.4.4.1 Radiation interception 
In chickpeas it is probable that the majority of light is intercepted by the leaves. While the stems 
are green and will also intercept light and photosynthesize, they will only account for a small 
percentage of radiation interception~ Increased leaf area index (LAI), up to a critical LAI, where 
95 % of incident solar radiation is intercepted gives rise to increased radiation interception 
(McKenzie et ai., 1992). At optimum LAI a crop is able to intercept more than 90 % of the 
incident radiation (Monteith and Elston, 1983). Maximum LAI for chickpeas 'has been reported 
to vary from 0.7 to about 5 (Saxena and Sheldrake, 1980; Khanna-Chopra and Sinha, 1987). In 
New Zealand it varied from 2.7 to 3.7 (Hernandez, 1986; McKenzie et ai., 1992; Kosgey, 1994). 
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This is quite low compared to that oflentil (McKenzie and Hill, 1991) which had an LAI of 7. 
Leaf area indices larger than 6 are considered excessive (supra-optimal) for chickpeas and tend 
to cause lodging which reduces yield (Saxena, 1984). 
The length of the period. of leaf area development and dry matter accumulation in chickpeas 
depends on the prevalent temperature regime. This may be controlled by adjusting the sowing 
date (Rahman et al., 1992). For two cultivars in Delhi the leaf area was only 70 and 
80 cm2/plant up till 85 DAS, but reached 1400 cm2/plant by 133 DAS, even though flowering 
had commenced at 80-85 days after sowing. In this region day length and temperature decreases 
until flowering begins and then increases again on pod development and harvest maturity. 
Development of leaf area was maximum at 25°/10° C day/night temperature regimes and 
decreased at 30°/10° (Khanna-Chopra and Sinha, 1987). In Hissar (North India) LA! remained 
less than 2 for the first 100 days after sowing and was between of 2.5 and 5 only for a brief 
period between 120 and 150 days, with variation between the two cultivars observed (Saxena and 
Sheldrake, 1980). 
( Moisture stress can have a major influence on LAI and can ensure that the crop canopy never 
closes. Hughes et al. (1987) showed a clear variation in radiation interception with change in 
location for three sites in Northern Syria (708, 476 and 315 MJ/m2). This was attributed to the 
site's positions along a rainfall gradient, where due to water stress, canopy development was 
hindered. Thus both LAI and radiation interception were reduced. Piara'Singh (1991) reported 
that water deficits during all growth phases decreased LA!, but that the decrease was greater (an 
LAI of less than 1) when crop was stressed before flowering. This may be because, although 
chickpeas are indeterminate, the major proportion of canopy development usually occurs before 
flowering starts and so moisture stress at that point would have a greater impact on canopy 
closure. Maximum reduction in LA! occurred when the crop was continuously stressed 
throughout the season. In South India LA! was increased from 0.7 in a rainfed crop to 1.5 with 
two irrigations (Khanna-Chopra and Sinha, 1987). 
The literature indicates that radiation interception and its conversion into dry matter can be quite 
variable. Day length coupled with temperature (Nanda and Chinoy, 1960; Sandhu and Hodges, 
1971) and moisture availability (Keatinge and Cooper, 1983) determines to a large extent the 
c"anopy cover of the crop. To maximise yield it is important to use husbandry practices which 
result in rapid canopy closure and maximise leaf area duration after closure. Choice of sowing 
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date is one of the means by which seasonal distribution of leaf area index and hence solar 
radiation interception can b~ manipulated (Monteith and Elston, 1983; Siddique and Sedgley, 
1986). Increase in LA! of up to 33 % with change in sowing date (higher in winter compared 
to spring) in Canterbury, New Zealand was reported by McKenzie et al. (1992). 
Radiation interception in a crop depends on LA! and how many leaves down through the canopy 
are able to intercept sunlight. The extinction coefficient (k) of a crop is a measure of how 
rapidly light is extinguished as it passes through a canopy. The lower the extinction coefficient 
value, the more easily light gets to the lower layers of the crop canopy. For a canopy of opaque 
horizontal leaves, k = 1 (Monteith and Elston, 1983). Hay and Walker (1989) exhaustively 
reviewed this subject. For practical purposes the extinction coefficient of a crop may be defined 
by the Monsi and Saeki Equation: 
Where: 10 is the irradiance above the crop canopy 
I is the irradiance at the point in the canopy above which there is a leaf area index of L, 
both I and L measured by horizontally disposed sensors 
Both k and L are dimensionless 
However, this penetration of photosynthetically active radiation (PAR) into the leaf canopy is i 
governed by a number of factors such as leaf angle, leaf surface properties (affecting reflection), 
leaf thickness (affecting transmission), leaf size, shape and degree of dissection, leaf arrangement, 
vertical stratification of leaf area (influencing direct penetration of radiation), elevation of the sun I 
and the proportion of direct and diffused solar radiation. If k values are high (closer to 1) this 
indicates that the leaves on the top of the canopy are near-horizontal and are intercepting a large 
fraction of incoming PAR and so photosynthesis is distributed over a smaller area of leaf. This 
also means that little or no PAR gets to the lower leaves and they cannot contribute much to dry 
matter production. Therefore the upper leaves get saturated with more radiation than they can 
use for photosynthesis. Consequently the photosynthetic efficiency of the canopy will be low 
and potential dry matter production will be lost. In soybeans a 17 % increase in seed yield was 
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obtained by illuminating the middle and lower leaves in the canopy (Mann and Jaworski, 1970). 
Therefore an optimum canopy architecture is thought to be one where the top layer of leaves are 
more vertical (keeping radiation interception at or below saturation) and the bottom leaves are 
horizontal to intercept deeply penetrating solar radiation, hence maximising photosynthetic 
efficiency. This also means that crops with high k will have a lower optimum LA! than crops 
with a low k. 
Although chickpeas and lentils are morphologically similar they have a different canopy 
architecture. Chickpeas are less erect and have a slightly higher k of 0.40 compared to 0.26 for 
lentils (Heath et ai., 1994). 
2.4.4.2 Dry matter production vs radiation interception 
In many crops there is a direct relationship between radiation interception and dry matter 
production ( Hughes et ai., 1987, McKenzie, et ai., 1992 in chickpeas; McKenzie and Hill, 1991 
in lentils; Huda and Virmani, 1987; Heath et ai., 1994 in peas; Husain et ai., 1988b in field bean; 
Liyanage and McWilliam, 1981 in mung beans). There may also be a close correlation to seed 
yield if HI is stable (Keatinge and Cooper, 1983). The relationship between the yield of a crop 
and radiation interception can be expressed as: 
Y = Pi X Pa X U x H (Equation 2.2) 
Where Pi = total solar radiation receipts; Pa = fraction of Pi intercepted by the canopy; 
u = the amount of intercepted radiation converted to dry matter; H = fraction of dry matter 
produced allocated to harvested parts (harvest index) (Gallagher and Biscoe, 1978). 
Under optimal agronomic management the amount of dry matter accumulated by a crop is often 
directly proportional to solar radiation intercepted, so that its efficiency of conversion to dry 
matter is a constant (Piara Singh and Sri Ram, 1989). With changes in environment, conversion 
coefficients for a chickpea crop can vary from 0.44 to 0.78 g/MJ (Hughes et ai., 1987), 
0.91 g/MJ (McKenzie et ai, 1992) and 1.3 g/MJ (Hernandez, 1986). Nanda and Chinoy (1960) 
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and Sandhu and Hodges (1971) have shown that photoperiods either lower or more than 12-18 
hours at a time will reduce total dry matter by reducing the number of branches and leaves 
formed. Longer photoperiods accelerated flowering and the reproductive phase and hence may 
have suppressed the vegetative growth rate, reducing branching. Suppression of branching under 
low photoperiods may have been due to reduced photosynthetic activity and higher respirational 
losses during the long periods of darkness. 
A comparison of dry matter accumulated at two locations, one in Delhi (North India) and the 
other in the Hyderabad (South India) showed that total dry matter accumulated was 5.5-8.8 t/ha 
and 2.0-2.6 t/h respectively. Although the average crop growth rate (CGR) in the exponential 
phase of growth was 11 g/m2/day at Hyderabad and only 7 g/m2/day at Delhi, the whole duration 
was much shorter in Hyderabad. So even though the crop in Delhi had poor.canopy development 
resulting in lower levels of daily interception its long growing period allowed it to accumulate 
more total dry matter and thus increase seed yield by 54 % (Khanna-Chopra and Sinha, 1987). 
This is because the longer growth period allowed a high total PAR to be intercepted by the crop 
(Husain et al., 1988b). 
Differences in photosynthetic efficiency have also been reported among cultivars which may 
affect the amount of radiation converted to dry matter by increased photosynthesis (Saxena, 
1984). In Queensland, Australia, Leach and Beech (1988) have recommended maximising 
radiation interception through higher plant densities (64 plants/m2). Increases in conversion 
efficiency at a lower density of 32 plants/m2 was very marginal and it can be attributed to 
improved water relations (less competition). Radiation interception peaked at 70 % for the high 
plant population and was only 45 % at the low plant population. Similarly McKenzie and Hill 
(1991) have reported a 29 % increase in absorbed PAR resulting in an equivalent increase in 
maximum dry matter accumulation and a 42 % increase in seed yield in lentils with increased 
plant popUlation. 
2.4.4.3 Shade 
Shade causes a reduction in the intensity of incident solar radiation received by the plant. From 
information on the relationship between, LA!, radiation interception and dry matter accumulation 
it would be expected that a decrease in the intensity of intercepted radiation would significantly 
reduce yield, unless all leaves are light saturated. 
21 
In 1980, Saxena and Sheldrake reported a significant reduction in total dry matter, harvest index, 
pods/m2 and seeds/pod with as little as 25 % shade at Hissar, North India; A contributory cause 
was also the high LA! (around 5 compared to 2 at Hyderabad) attained by this crop causing 
mutual shading and reduced light penetration into the canopy. In New Delhi, India, a 50 % 
decrease in fruit set was observed when light intensity was reduced with both 30 and 70 % 
shading (Khanna-Chopra and Sinha, 1987). 
In a mixed chickpea and mustard (Brassica juncea) cropping system shading by the mustard 
canopy reduced solar radiation interception by chickpea to below the minimum required for its 
normal photosynthetic activity. This reduction in availability of solar radiation increased plant 
deaths and reduced population density. It also reduced the number of primary and secondary 
branches, pods, seeds and LAI (Kushwaha and De, 1987). 
Liyanage and McWilliam (1981) reported a reduction in seed yield of mung bean (Vigna radiata 
var aureus) of up to 81 % with a maximum of 70 % continuous shade. This was attributed 
primarily to a reduction of components of yield such as pods/plant and seeds/pod. A similar 
reduction in number of pods/plant was observed in cowpea (Vigna unguiculata) (Summerfield 
et al., 1976). In addition to this Wahua and Miller (1978) observed a reduction in total nodule 
nitrogen fixing activity in soybeans with more than 20 % shade. 
In mung beans continuous shading was found to be more detrimental to yield than partial shade. 
Partial shade applied at pre-flowering and pod filling stages reduced pod number and seed yield 
more than shade during flowering. However, the most sensitive stage to shading was pod filling 
(15-18 days) (Liyanage and McWilliam, 1981). In sorghum (Sorghum hicolor) Bennett and 
Krieg (1975) observed that reduced grain size was particularly pronounced when shade was 
applied after flowering, indicating that the allocation of photosynthetic assimilates is most 
affected when plants are shaded during the pod filling stage. This is further supported by the 
work of Stephenson and Wilson (1977) who observed that in soybeans photosynthetic assimilates 
produced during pod filling were translocated directly to pods. 
Seed weight was unchanged in mung bean except when grown under heavy shade (70 %) either 
throughout the growth period or during pod filling (Liyanage and McWilliam, 1981). 
Summerfield et al. (1976) observed in cowpea (Vigna unguiculata) that shaded plants had a 
greater seed:pod weight ratio. This suggests that shading at sometime from first flower onwards 
22 
alters the distribution of assimilates between pods and seeds. When carbohydrate supply from 
the leaves is limited by shading, the seeds being a more powerful sink, presumably leave little 
carbohydrate for extra dry weight accumulation in the pods. 
Contrary to the above findings, Sheldrake and Saxena (1979b) found at Hyderabad, South India, 
that 50 % shading of chickpeas at flowering increased total dry matter production by 16 %. This 
however decreased with increasing shade. There was some suggestion that this increase was due 
to shade reducing moisture stress in this crop which was being grown on residual soil moisture. 
However, under irrigated conditions in the same location similar trends were observed. Among 
all the possible explanations, the reduction of heat stress and radiation load on the leaves was 
considered to be the main reason for this positive effect of shading. 
2.4.5 SOIL MOISTURE 
In many countries grain legumes are grown on stored soil moisture. Under these conditions 
yields are usually low. However most grain legumes respond readily to irrigation and significant 
yield increases following irrigation are common. For example Shaktawat and Sharma (1986) 
reported that chickpeas produced 2.4 t of seedlha with irrigation and 1.5 t/ha without. Favourable 
responses to supplemental irrigation have been documented by Saxen<!., (1980a) for chickpea; 
Nema et al. (1984), Saraf and Baitha (1985) for lentils; Makhan Lal and Gupta (1984), Chauhan 
(1990) for pigeonpea and Husain et ai. (1988a) for field beans. 
Soil moisture content has a large influence on chickpea yields. Both excess and deficits of soil 
moisture can reduce yield. Excess soil moisture can lead to excessive vegetative growth at the 
expense of seed yield (Saraf et ai., 1990). Excess moisture and high humidity also limits flower 
production, seed set and yield and increases the incidence of diseases (Saxena, 1984). A major 
reason for low yields in areas where chickpeas are grown on residual soil moisture is poor crop 
stands caused by poor seed germination caused by inadequate moisture supply in the seedbed 
(Sheldrake and Saxena, 1979b; Sharma, 1985). Saxena and Krishnamurthy (1981) have reported 
cultivar differences in the ability of chickpeas to germinate with limited soil moisture. 
The consumptive use of water for chickpea is estimated to range from 110-240 mm to produce 
seed yields of between 900 and 3,000 kg/ha (Saxena, 1987). This requirement is generally met 
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from conserved moisture in the soils. Sandhu et al. (1978) have reported that chickpeas are 
capable of drawing water from depths greater than 150 cm in deep soils. However, a major 
proportion of total extractable water comes from the top 60 cm, where the active roots are mainly 
concentrated (Saxena, 1987). 
2.4.5.1 Dry matter production 
Reduced dry matter productivity of chickpea crops at drier sites can be attributed not only to 
reduced radiation interception caused by reduced LAI, but also to reductions in the rate of 
conversion of intercepted radiation to dry matter (Hughes et al., 1987). At ICRISAT, in South 
India it was observed that below 30 % extractable soil moisture in the rooting zone of chickpeas, 
the radiation use efficiency (RUE) of the crop declined as extractable soil.moisture decreased 
(Piara Singh and Sri Ram, 1989). This is likely to be caused by reduced photosynthetic and 
increased respiration rates due to water stress. In Northern Syria, water use efficiency (WUE) 
. was found to be higher in a winter sown crop compared to a spring sown one. This was mainly 
because in the spring sown crop with its lower LAI and incomplete ground cover, a greater 
proportion of the accumulated evapotranspiration occurred as evaporation from bare soil surfaces 
and, as this was not associated with assimilate production, gave a lower WUE (Keatinge and 
Cooper, 1983). 
2.4.5.2 Seed yield 
Reports by Shaktawat and Sharma (1986) and Raghuwanshi et al. (1987) show that growing 
chickpeas in India according to recommended guidelines, but not irrigating the crop gave a 58 % 
yield decrease when compared with an irrigated crop. This indicates the susceptibility of the 
crop to water stress. As discussed earlier, the most important affect of water stress is to decrease 
LAI, radiation interception and therefore dry matter production. Assuming a stable HI would 
indicate that seed yield will be similarly affected. However HI is often not stable in grain 
legumes (Kirthisinghe, 1986; Khanna-Chopra and Sinha, 1987; Moot, 1993). This leads to the 
question, "is there a period of time during the life cycle of the chickpea plant when the plants 
are extra sensitive to water stress?" Astatke et al. (1991) found that irrigation at sowing was the 
most critical time. Other reports show that flowering and seed development are the critical stages 
for moisture stress (Piara Singh et al., 1990; Saraf et al., 1990). Sheldrake and Saxena (1979b) 
reported that irrigation of chickpea during the reproductive phase generally leads to increased 
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_ yield unless the soil moisture content is already quite high before the treatment. 
From Khanna-Chopra and Sinha (1987) it appears that the period of fruit set and leaf senescence 
in chickpeas is related to the onset of water stress and increasing surrounding temperatures, 
which could also lead to premature senescence of the crop. Therefore it is crucial that the crop 
has adequate moisture available to it during its vegetative stage to allow it to reach optimum 
canopy coverlLAI, thus ensuring adequate photosynthetic sites for the reproductive phase of the 
plant. 
Most of the literature seems to point to the reproductive phase being sensitive to supplemental 
moisture. But considering that most chickpeas are grown on residual moisture from winter or 
monsoon rains depending on the region, it is logical that by the time the crop reaches its 
reproductive stage the available moisture reserves in the soil would be minimal. So irrigation 
at this stage if rains fail is bound to give a good response. There is currently not enough 
evidence to be certain of the existence of a critical period of drought sensitivity in chickpeas. 
An adequate level of moisture is required through most of the crop growth. Work by Husain et 
al. (1988a) on field beans showed that a significant increase in yield with irrigation was 
independent of the developmental phase of the plant. 
2.5 YIELD DEVELOPMENT 
2.5.1 PHENOLOGICAL DEVELOPMENT 
The phenological stages of chickpea growth may be broadly classified as emergence, flowering, 
fruit set and physiological maturity. Being indeterminate the last three stages occur 
simultaneously in different parts of the plant along with vegetative growth (Saxena, 1984). For 
practical purposes the crop may be considered to have reached a particular growth stage when 
at least 50 % of the plants have shown that stage of development (Piara Singh, 1991). 
Understanding the agronomic and environmental requirements and crop genetic variations that 
control the time taken to reach these different stages is important (Khanna-Chopra and Sinha, 
1987). This can help to decide cultivar specific planting times in such a way that phenological 
stages match the times of the season best suited to it. In Australia it was observed that 
photoperiod was a critical factor governing phenological development. In Southern Australia, 
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flowering date could be controlled by using lines with specific photoperiodic requirements 
(Corbin, 1975). 
In mechanised systems predicting the onset of various phenological stages can also be of major 
importance. Temperature (Singh and Dhaliwal, 1972; Siddique and Sedgley, 1986), moisture 
(Saxena, 1990) and depth of sowing (Saxena, 1987) are the major factors controlling the time 
. taken by a crop to emerge. After emergence it is temperature and photoperiod (Sandhu and 
Hodges, 1971; Summerfield et ai., 1980, 1984, 1994) coupled with the availability of soil 
moisture (Khanna-Chopra and Sinha, 1987; Piara Singh, 1991) that control the rate of progress 
of the crop towards physiological maturity. The critical stage is flowering, because the 
environmental conditions prevalent when the crop flowers and the length of reproductive phase 
will determine the percentage of fruit set and final yield (Savithri et ai., 1980; Saxena, 1984). 
Therefore being able to predict the time of flowering of the crop, specific to a cultivar maybe 
very important. 
2.5.2 REPRODUCTIVE PHYSIOLOGY 
2.5.2.1 Flowering 
Floral initiation is defined as the first structural change in the shoot apex (Bernier, 1988). 
Whether the process of floral initiation occurs from the presence of a genetic switch in the 
meristem or is triggered by an elimination of the vegetative pattern of morphogenesis is not clear. 
However, it is known that initiation is brought about by a combination of factors such as changes 
in gene expression, molecular and cellular changes, effects of direct light and the response of 
different apex components (Bernier, 1988). 
On studying floral initiation in chickpeas and other legumes, Moncur (1980), Aitken (1985) and 
King (1983) have reported the following. In its vegetative stage the apex initiates only leaves. 
The reproductive stage starts with the initiation of a floral apex behind the shoot apex in the form 
of a bulge. Increased size of the floral apex is a result of increased cell division in the region 
associated with flowering and this is also associated with an increase in RNA, DNA and protein 
synthesis. This floral apex expands until it is larger than the shoot apex and then differentiates 
into sepals and petals (floral primordia). The development process after floral initiation to 
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differentiated florets can be seen with the naked eye and may vary from a few days in warm 
weather to many weeks at low temperatures. This process has been described briefly in five 
steps by Summerfield and Roberts (1985). 
1. Closed bud: the corolla is enclosed within the calyx, the stigma is immature and the anthers 
are still at the base of the bud. 
2. Hooded bud: corolla and anthers have elongated, stigma is receptive (and remains so until 
stage 4). 
3. Half open flower: anthers have reached the same height as the stigma, pollen is mature 
before they dehisce. Pollination occurs and the keel remains closed to stop foreign pollen 
from reaching the stigma. 
4. Fully open flower: anthers have shrivelled while standard and wings have expanded fully. 
Fertilization occurs 24 hours after pollination. 
5. Fading flower: the post fertilization stage in which the ovary starts to elongate. 
There is still much to be understood in the physiological processes that lead up to flower 
initiation. 
In most pulses the switch from vegetative growth to initiation of reproductive nodes is subject 
to very precise timing. This switch may determine the crops yield. If the transition from 
vegetative to reproductive growth occurs at the wrong time it may result in yield reduction or 
total crop failure (Hardwick, 1988). Hence from an agronomic point of view it is important to 
understand the different environmental factors that influence and regulate flowering. For 
chickpeas and other grain legumes, air temperature and photoperiod and their interaction 
markedly affect the time of initiation of flower buds and their expansion to open flowers 
(Summerfield and Roberts, 1985). Depending on location and time of sowing, chickpeas 
experience a range of different thermal regimes and photoperiods. Ellis et ai. (1994) have 
observed the most and least inductive regimes of photoperiod and temperature to induce 
flowering for several cultivars. On average the days from sowing to flowering was fastest 
(35 days) at 22.6 DC mean temperature and 15.5 h/day photoperiods. At 11.1 DC mean 
temperature and 11.4 h/day photoperiods time to flowering was 159 days. This indicates the 
possibility that temperature may play a greater role compared with photoperiod in the progress 
of chickpeas towards flowering. However, the possibility of genetic differences controlling the 
importance of photoperiod or temperature or their combination on time to flowering has been 
suggested by Roberts et ai. (1980). 
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Since it is the prediction of time taken to flower that is of major agricultural interest, it has been 
suggested that this be expressed as a rate of progress towards flowering (which is the reciprocal 
of the time taken from sowing to the first appearance of an open flower), since this rate is a 
linear function of mean temperature (Roberts et ai., 1985; Summerfield and Roberts, 1988). 
Therefore at any fixed photoperiod flowering will occur when a constant number of thermal units 
(day degrees above a base temperature) have accumulated after sowing. Chickpeas have been 
described as long day plants, day neutral plants and even short day plants (Summerfield et ai., 
1980; Summerfield and Roberts, 1985). But they are most commonly considered as a 
quantitative long day plant and therefore photoperiod sensitive (Khanna-Chopra and Sinha, 1987; 
Summerfield et ai., 1994). Hence, in case of photoperiod sensitive plants the rate of progress 
towards flowering may be predicted by photothermal time. So although the number of day 
degrees that a genotype requires to accumulate in order to flower remains constant, the base 
temperature above which they are accumulated depends on photoperiod (Summerfield et ai., 
1994). This suggests that the longer the photoperiod at any temperature, the faster the thermal 
sum required for flowering is accumulated (Roberts et ai., 1985). Therefore the photothermal 
response of chickpea (in terms of rate towards flowering) over the range of environments 
normally experience by the crop, can be described by the following equation (Roberts et ai., 
1985; Summerfield et ai., 1987; Summerfield and Roberts, 1988; Summerfield et ai., 1991; 
Summerfield et at., 1992; Ellis et ai., 1994; Summerfield et ai., 1994): 
11f = a + b Tm + c P (Equation 2.3) 
Where 11f is the rate towards flowering, T m is mean daily temperature eC), P is 
photoperiod (h/day) and a, band c are genotype specific constants. This equation applies 
where Tb < T < To, where Tis the temperature at any time, Tb is the base temperature (at 
and below which lIf = 0), and To is the optimum temperature (at which lIf is maximum) 
and where Pee < P < Pe , where Pe and Pee are the critical and ceiling photoperiods, 
respectively. 
Once flowering has been achieved the length of the flowering period is positively correlated with 
the number of growing days prior to flowering and negatively with temperature during the 
flowering period. An increase in temperature during flowering from 14°C to 26°C (Eshel, 1967) 
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or daily maximums of 30°C and above (Summerfield et al., 1984) restricts the flowering period 
and consequently flower production. 
Summerfield et al. (1989, 1994) have found no specific evidence to support reports that flowering 
in chickpeas was influenced by vernalization (which is the hastening of flowering by 
temperatures much cooler than the optimum for growth), (Nanda and Chinoy, 1960; Angus and 
Moncur, 1980; Saxena and Siddique, 1980). However a re-evaluation of the response to 
vernalization in chickpea germplasm has been recommended. 
2.5.2.2 Pod set and seed development 
Once flowering has started the plant is potentially capable of producing pods and seeds. Most 
legumes produce a large number of flowers but only a small percentage become pods and 
eventually set seed. Khanna-Chopra and Sinha (1987) reported that on a whole plant basis the 
percentage of flowers becoming pods was only 36.6 % and 27.6 % for desi and kabuli chickpeas 
respectively. Only 20 % and 18 % of the potential (potential being the number of ovules per 
plant x total number of flowers per plant) number of seeds was obtained. Although chickpeas 
are indeterminate in nature, once the plant starts senescing all pods on a plant begin to dry up 
quite rapidly. Hence filling duration of pods formed from the first flower is generally longer 
than of later flowers. Consequently seeds originating from first flowers are usually larger than 
those from later formed flowers on the same plant at harvest time (Sheldrake and Saxena, 1979a; 
Eser, et al., 1991). Similar findings were reported for lentils (Penaloza, 1985). Pundir et al. 
(1992) observed genetic variation in the percentage of pod filling ranging from 9-57 % among 
83 chickpea accessions. A positive relationship was observed between pod volume and seed size 
· whi,h are both thought to be heritable traits. However, the percentage of pods which contained 
filled seeds showed a negative trend with pod volume and seed mass. Siddique and Sedgely 
(1986) attributed reduced pod set to competition between reproductive structures on earlier 
deyeloping branches and stems, and leaves on later developing branches. 
A reduction in pod set by over 50 % in North India at temperatures below 18°C indicates that 
pod set may be correlated with temperature to a certain extent. The effect of low temperature 
is expressed through low pollen germination and pollen tube growth. However genetic variation 
in this response has also been observed (Savithri et al., 1980; Saxena, 1980b). 
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The pod wall is the first to develop and most of the dry matter is accumulated here rather than 
in seed in the first 15-17'days after anthesis. When pod wall growth ceases the embryo increases 
in weight as a result of cell expansion. Simultaneously the seeds very rapidly accumulate dry 
matter (starch and proteins) in the cotyledons. The amount of time taken for pods to reach 
physiological maturity varies with cultivar and environmental conditions. In Hyderabad, 
peninsular India it ranged from 30-40 days (Saxena and Sheldrake, 1980; Summerfield et al., 
1980; Saxena, 1984). Seed development is not only determined by the rate of photosynthesis 
assimilate supply during pod filling; but' also by some controls of embryo growth rate that are 
located in the embryo itself. This mechanism is however, not yet fully understood (Hardwick, 
1988). Pods developing from flowers on later nodes generally have a shorter duration of pod 
filling. This produces smaller and fewer seeds per node than are formed at the basal nodes. This 
is primarily because of internal competition for photosynthate at a time wh~n photosynthesis is 
declining, available soil moisture is decreasing and air temperatures are often rising rapidly 
(Saxena, 1984). 
2.5.3 YIELD COMPONENTS 
The yield components of chickpeas are: number of plants per unit area, number of pods per plant, 
average number of seeds per pod and mean seed weight (Summerfield et al., 1980; Siddique and 
Sedgley, 1986; Khanna-Chopra and Sinha, 1987). However, the inclusion of the number of 
branches per plant is not uncommon (B~hl, 1980; Hernandez and Hill, 1983). Seed yield is the 
end result of a series of developmental events that occur in an interdependent fashion from the 
onset of flowering (Slinkard and Sindhu, 1988). For example at a given population, the number 
of branches would decide the number of nodes formed, which in tum leads to the number of 
pods, then the number of seeds per pod and finally mean seed weight. Although all these 
developm¥ntal stages occur simultaneously on different parts of the plant each component is 
dependent on the other. 
2.5.3.1 Plant population 
Increasing plant population from more than 30 (McKenzie et al., 1994) or 33 (Hernandez, 1986) 
plants/m2 decreased seed yields by significantly reducing the number of branches and thus pods 
per plant. Seed production decreased linearly with increased plant population. It ranged from 
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__ 6.5 g/plant at 33 plants/m2 to 1.9 g/plant at 133 plants/m2 (Hernandez and Hill, 1983). Results 
of several studies in India also suggest that a plant population of 33 plants/m2 is optimal for seed 
production (Saxena, 1980b). Calcagno et ai. (1988b) observed a maximum seed yield at 
25 plants/m2 compared to 10 and 15 plants/m2 even though the number of seeds and seed yield 
per plant decreased with increased plant density. This indicates that the higher number of plants 
per unit area compensated for the loss in individual yield per plant. 
However, the optimum plant population for chickpeas seems to differ depending on the 
availability of soil moisture, the season, genotype and soil type (Saxena, 1987). 
2.5.3.2 Pods per plant 
Yield per plant is determined more by the number of pods than by either seeds per pod or mean 
seed weight (Singh and Aucldand, 1975; Penaloza, 1984; Hardwick, 1988). This is supported 
by Hernandez and Hill (1983), who observed a positive correlation between the number of pods 
per plant and yield per unit area and yield per plant. They also found an increase (69 %) in the 
number of pods per plant at lower (33 compared to 133 plants/m2) plant populations. This was 
mostly due to more pods being produced on the primary and secondary branches at low plant 
popUlations. However, in soybeans it was observed that a decrease in the number of pods (up 
to 22 % pod loss) may be compensated for by an increase in the mean seed weight (McAlister 
and Krober, 1958). A high genetic variability in the number of pods per plant for chickpeas has 
been reported by Shaktawat and Sharma, (1986), Shrivastava et ai., (1990) and Stieller et ai., 
(1994). The number of pods per plant depends on the total number of nodes produced per plant 
and how many of them become reproductive (Bahl, 1980; Goldsworthy, 1984). Each flowering 
node usually carries only one pod. Reproductive nodes are found predominantly on primary and 
secondary branches which are the main contributors to yield (Khanna-Chopra and Sinha, 1987). 
Therefore, a greater number of primary and secondary branches should increase the number of 
pods per plant and thus yield. The other alternative would be to exploit the double podded 
character of some chickpea genotypes that has been reported to give yield increases of 6 to 11 % 
(Saxena and Sheldrake, 1980; Nene, 1987). Agronomic factors such as fertilizer application 
(Patra et ai., 1989; Thakur et at., 1989), inoculation (Thakur et ai., 1989), optimum sowing date 
(Penaloza, 1984) and irrigation (Shaktawat and Sharma, 1986) have aU been shown to 
significantly increase the number of pods per plant. 
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- 2.6 FLOWER AND POD ABORTION 
Flower and pod abortion is the failure of flowers to become pods or of pods to fill and mature. 
The low percentage of flowers which survive to become filled pods (as reported above) and the 
common occurrence of large numbers of non-viable seed, suggest that both flower and pod 
abortion are major problems limiting chickpea yield. 
Flower withering and shedding of fertile flowers capable of setting fruit has been reported as a 
problem in most food legumes (Savithri et ai., 1980). In chickpeas, flower and pod shedding is 
considered one of the most serious problems limiting seed yield. Up to 20 to 30 % of flowers 
and 10 to 15 % of pods shed, depending on the cultivar, and the environment (Varma and 
Kumari, 1978). In temperate South Western Australia flower abortion ranged from 50 % to 
almost 0 % when sowing date ranged from mid May to late July. There was also about 35 % 
pod abortion evenly spread across all sowing dates (Siddique and Sedgley, 1986). In the sub-
tropical climate of India very high flower drop of up to 100 % has been reported (Savithri et ai., 
1980). Including flowers and young pods, 70 to 80 % of potential yield capacity was lost from 
the lower stems of cowpeas grown in controlled environment which imitated the low altitude 
humid tropics (Stewart et ai., 1980). In soybeans, 89 % of the total reproductive nodes formed 
on the bottom one third of the branches aborted compared with 65 % of those formed on the top 
one third (Wiebold et ai., 1981). 
Ovule or seed abortion also occurs in grain legumes (Sheldrake and Saxena, 1979a). In most 
grain legumes seed abortion occurs at the Stylar (distal) end of the pod, with the exception of 
soybeans which fertilize and fill ovules at the stylar end. Ovule abortion occurs soon after 
pollination, before seed weight starts to increase. Once rapid seed growth starts, seed abortion 
does not usually occur (Goldsworthy, 1984). 
While abortion levels can be high, abortion does not always lead to yield losses. Saxena and 
Sheldrake (1980) observed that there was no significant decline in yield of chickpea when 1/3 
of the flowers were removed. This suggests that chickpeas are capable of compensating for the 
loss of potential sinks. Similar findings have been reported in field beans (Newton, 1980). 
However, in chickpeas this compensating ability of plants was true for abortion over a period of 
14 to 28 days from flowering only. This compensation is possible because, flower loss extends 
the growing period, which allows the production of more flowering nodes, it also increases the 
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__ number of seeds per pod (up to 26 %) and may give a small (8-20 %) increase in mean seed 
weight. This generally occurs in small seeded cultivars. The possibility of compensation for 
flower shedding varies with crop and conditions. For lentils it was found to be up to 2 weeks 
and 3 weeks without and with irrigation respectively (Pandey, 1983). Siddique and Sedgley 
(1986) found that compensation due to early flower abortion in chickpeas could result in an over 
investment of dry matter in stems and leaves, thus reducing harvest index. However this 
compensation did not reduce absolute seed yield. 
2.6.1 Causes of abortion 
Abortion in chickpeas commences with the first formed flowers which are often imperfect and 
do not produce fruits. These have sometimes been called pseudo flowers. Tpey appear as small 
deformed yellow flower buds desiccating without opening (Roberts et at., 1980; Saxena, 1980b). 
In South India, where during reproductive growth, temperatures are relatively high and humidity 
low, rio false flowers were produced. Therefore, the production of false flowers could be due 
to either variation in temperature or humidity, or both (Khanna-Chopra and Sinha, 1987). The 
appearance of pseudo flowers is not fully understood and there is no mention of the effect of 
daylength on the production of such flowers in the literature. 
When perfect flowers form, it has been observed that at temperatures of less than 10°C during 
the reproductive phase, flowers fail to develop into pods as long as the cold spell continues. 
These are referred to as ineffective flowers (Saxena, 1980b). Low temperatures of about 15°C 
in the early flowering period of January in the sub-tropics resulted in very high flower drop 
percentages of up to 100 %. When the temperature went up to 20°C and above more than 50 % 
fruit set was observed (Savithri et al., 1980). Low fertility of early flowers caused by low 
temperatures has been suggested to be due to a reduction in the percentage of pollen germination 
and pollen tube growth (Savithri et al., 1980; Siddique and Sedgley, 1986). High temperatures 
causing pod drop in soybeans was attributed to a reduction in the supply of photosynthate (Mann 
and Jaworski, 1970). 
Cloudy weather has been reported to' cause flower and pod abortion and reduce seed set in 
chickpea. Dahiya et al. (1987) reported that in North India cloudy weather for even more than 
a day resulted in either dropping of flowers or empty pods in chickpeas. Varma and Kumari 
(1978) observed a 19 % and 33 % flower and pod shed respectively for kabuli chickpeas and this 
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__ was found to coincide with rainfall and cloudy weather. The effects of relative humidity, wind 
velocity and pan evaporation were also studied but were not significant. Cloudy weather with 
maximum and minimum temperatures of 19°C and 10 °C and relative humidity of 78 to 93 % 
reduced seed set by 83 %. Pollen produced in cloudy weather, although functional, did not 
germinate on the stigmas. The result was the non-fertilization of ovules and a consequent 
shedding of flowers and pods (Aziz et ai., 1960). 
The effect of cloudy weather on flower, pod and seed abortion of chickpeas could possibly be 
explained by the effect of shading that has been observed by several worker.s on abortion in other 
grain legumes. Liyanage and McWilliam (1981) observed in mung beans that 70 % shading, 
during flowering, caused more flower abscission than shading pre-flowering. Immature pod drop 
was the highest with both 40 and 70 % shade during pod filling. Ovule ~bortion was largest 
(42 %) with shading during the flowering period, but it was significantly high with shading at 
all stages of growth. Causes are attributed to a diminished supply of assimilates under reduced 
light conditions in all stages of growth. No effect of shade on viability of pollen and fertility of 
ovules was observed. This suggests that fertilization problems are not caused by shade. The fact 
that number of pods per plant was more affected than the number of seeds per pod strengthened 
their view that ovule fertility was little affected by shade. However Liyanage and McWilliam 
(1981) reported that shading during flowering and pod filling caused about 32 %, 30 % and 42 % 
flower, immature pod and ovule abortion respectively in mung beans. In soybeans 63 % shading 
(about 2/3 of that required to saturate the photosynthetic mechanism) imposed at flowering or 
after pods formed caused about 50 % pod abscission, after about 6 to 8 days (Mann and 
Jaworski, 1970). 
Siddique and Sedgley (1986) studied pod abortion over several sowing dates in South Western 
Australia. They reported that early flower abortion was most likely caused by low temperatures, 
and pod abortion in the latter part of the season by water stress. However, reduced pod set 
overall was attributed to competition between reproductive structures on earlier developing 
branches and stems, and leaves on later developing branches. 
2.6.2 Abortion - conclusions 
The literature suggests that abortion of reproductive parts in grain legumes is a problem that is 
worth considering. It can also be concluded that the physiological processes that lead to abortion 
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__ are triggered by environmental factors. Most of the abortion that occurred was of flowers 
followed by pods. However, this also depended on which stage of reproductive growth the 
conditions promoting abortion set in. 
Although the small amount of abortion that occurs due to internal competition (Summerfield and 
Wien, 1980) and the initial formation of pseudo flowers might not result in significant yield 
losses because of the plant's ability to compensate, an increase or a continuation of abortion 
during crop growth caused by the various factors discussed can have adverse consequences on 
overall crop yield. Since it is the number of pods per plant that determines final crop yield 
(2.5.3.2) it is important to understand ways of retaining as many reproductive structures as 
possible and see them through to final harvest. 
Very little attention has been given to systematic investigation on the physiology of flower and 
pod drop in chickpea, specially the nature, extent, periodicity and intensity of shedding in 
different cultivars under different climatic conditions. There is therefore a need to study the 
problem of abortion in chickpeas specific to regions and cultivars in order to understand how best 
to maintain it at a level that is not detrimental to yield. 
2.7 CONCLUSIONS 
1.· The world average farm yield of chickpeas is only one fourth of that obtained from 
research plots and there is also a wide range of variability in seed yields obtained by 
farmers from about 200 kg/ha up to 1.6 tlha. 
2. Temperature regimes, photoperiod and available soil moisture are crucial factors that 
control the growth and yield of a chickpea crop. Sowing date has a major influence on 
these three factors, hence the optimum sowing date needs to be determined for each region. 
3. The nitrogen available to a chickpea crop can influence seed yield. However, the nitrogen 
requirement depends on available soil nitrogen and the Rhizobial status, of the soil. The 
Rhizobium nodulating chickpeas is very specific to the species. Within the species, 
nodulation ability varies with strain-cultivar compatibility. 
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_~ 4. The LAI of the crop and plant architecture determines the amount of light intercepted, 
which is directly related to total dry matter production and this in turn can influence seed 
yield. Leaf area index is determined mainly by temperature and soil moisture status and 
may be influenced by the choice of sowing date. 
5. The phenological development of chickpeas is influenced by both temperature and 
photoperiod. Being able to predict the development of the crop will be useful in 
understanding environmental effects on chickpea growth and yield. 
6. Flowers and pod abortion of chickpeas is a problem that contributes greatly to yield 
variability. Very little work has been done to quantify the extent of this problem in 
chickpeas and to explain its likely causes. A better understanding of. the development of 
the chickpea plant and the causes of reproductive abortion will be of immense value to the 
farmer as well as future research work on stabilizing yield variability. 
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CHAPTER 3 
Effect of sowing date, nitrogen and Rhizobium inoculation on chickpea (Cicer arietinum) 
yield in Canterbury, New Zealand! 
T.I. Verghis, B.A. McKenzie and G.D. Hill 
Plant Science Department 
Lincoln University 
Canterbury, New Zealand 
SUMMARY 
Two experiments were conducted from 1992-94 to test the response of chickpea 
. 
(Cicerarietinum L.) to a range of sowing dates, nitrogen application and Rhizobium inoculation. 
Spring sown plants produced higher seed yields compared to winter sown plants. Sowing in the 
first week of November gave the best seed yield of approximately 3.2 tlha with a harvest index 
(HI) of 0.44. Low seed yield (1.6 tlha) and HI (0.23) in winter sowing was influenced mainly 
by low plant population and high abortion of reproductive structures. Rhizobium inoculation was 
not effective and there is a need to find cultivar specific strains suited to the Canterbury region. 
Seed yield was increased by 18 % with 90 kg N/ha under low available soil nitrogen conditions 
of 1993-94. But nitrogen had no effect on a crop grown after pasture. 
INTRODUCTION 
The increasing trend of world trade in chickpeas projects supply to be the major limiting factor 
by the' year 2000 (Ryan, 1995). Preliminary research (Hernandez and Hill, 1983, 1984; 
McKenzie et al., 1992) indicates that chickpea, the third most important pulse crop in the world, 
can be grown successfully in the Canterbury area. Understanding how to realise the full potential 
of chickpea production in the Canterbury region may help meet some of that demand in world 
trade and make chickpeas a new revenue earning pulse crop for New Zealand. 
Past work in Canterbury on field beans (Husain et al., 1988a), lentils (McKenzie and Hill, 1991) 
i 
and peas (Moot, 1993) and the work of Hernandez (1986) on chickpeas has shown that 
A version of this paper has been submitted to the New Zealand Journal of Crop and 
Horticultural Science 
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_ environmental conditions have large effects on III and yield of grain legumes. Sowing date is 
one of the most important factors affecting chickpea productivity through variation in 
temperature, photoperiod and available moisture (Saxena, 1987). Responses to applied nitrogen 
are varied. Low rates of nitrogen have been reported to be useful in soils with low available 
nitrogen (Subba Rao, 1988; Roy and Singh, 1989), whereas high rates of nitrogen tend not to 
increase seed yield (Saxena and Sheldrake, 1980). The role of Rhizobium inoculation in 
increasing chickpea seed yields is well documented (Hernandez and Hill, 1984; Raut and Kohire, 
1991; Beck, 1992). However, the response is dependent on several factors such as host 
specificity (Gaur and Sen, 1979), native Rhizobial populations (Patel et ai., 1986), soil moisture 
status (Rupela and Dart, 1980; Rupela and Saxena, 1987), temperature (Sprent et ai., 1988) and 
soil nitrogen level (Rupela and Saxena, 1987) all of which affect the symbiotic relationship 
between the nitrogen fixing bacteria and the host plant. 
Taking into account the importance of these factors on chickpea growth and yield, an experiment 
in 1992-93 was conducted to study the effect of a range of nitrogen and inoculation treatments 
on chickpea growth and yield under Canterbury field conditions in winter and spring. In 1993-94 
the whole range of possible sowing dates was tested to determine the optimum time of planting 
in Canterbury and a nitrogen treatment was included to confirm results from the previous year. 
The work described in this paper had the following objectives: 
1. To determine the optimum sowing date to maximise seed yield of chickpeas in Canterbury. 
2. To study the effect of Rhizobium inoculation and nitrogen application on seed yield and HI. 
MATERIALS AND METHODS 
Site 
The experiments were conducted at the Lincoln University Henley Research Farm. 
Soil 
The experiments were sown on a Templeton silt loam soil (New Zealand Soil Bureau, 1954). 
A Ministry of Agriculture and Fisheries (MAF) soil quick test was done each season to ascertain 
the soil available nutrient levels (Table 3.1). 
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Table 3.1. MAF soil quick test values for the 1992-93 and 1993-94 seasons estimated for a 
depth of 0-30cm. Ca, K, P, Mg, Na and S expressed as micrograms/gram soil and 
total nitrogen (TN) as a percentage. 
Season 
1992-93 
1993-94 
Cropping history 
pH 
6.1 
6.0 
Ca 
1750 
1375 
K 
320 
280 
P 
28.6 
19.8 
Mg 
120 
115 
Na 
20 
35 
S 
2 
10 
TN 
0.25 
0.15 
In 1992-93 the site was previously in a rye grass (Lolium perenne)/ white clover (Trifolium 
repens) pasture while in 1993-94 the previous crop was barley (Hordeum vulgare). 
Experimental details 
Treatments 
In the 1992-93 season the treatments were: 
1. Two sowing dates, 3 July and 30 September 1992. 
2. Four levels of nitrogen, 0, 15, 45 and 90 kg/ha. 
3. Three levels of Rhizobium, 0, the recommended rate (240 g/IOO kg seed) and 
twice the recommended rate. 
In 1993-94 five sowing dates were chosen (9 July, 9 August, 14 September, 8 October and 
10 November) to cover the range of possible sowing dates for Canterbury combined with an 
application of 90 kg nitrogenlha and no nitrogen. All plants were inoculated with 480 g of 
inocuium/IOO kg seed (twice the recommended rate) to ensure complete nodulation. 
Design 
The experimental design in 1992-93 and in 1993-94 was a split plot randomized complete block 
factorial with the two and five sowing dates as the main plots respectively. In 1992-93 the 
sub-plots were a factorial combination of the three levels of Rhizobium inoculation and four 
levels of nitrogen, while in 1993-94 sub-plots were the two levels of nitrogen. The number of 
replicates in 1992-93 and 1993-94 were three and four respectively. 
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Cultural practices 
Materials used 
Seed: Locally obtained Kabuli chickpea (cv Hernandez) with a 1,000 seed weight of 450 g and 
309 g and a germination percentage of 60 and 75 respectively was used in the two seasons. In 
both seasons the seed was treated with a systemic fungicide Apron C 70 SD (a.i. metalaxyl 
350 g/kg and captan 350 g/kg) at the rate of 200 g (dissolved in 500 ml of water) per 100 kg 
seed. 
Inoculation: Rhizobium inoculation whether as treatments (1992-93) or as a blanket application 
(1993-94) was with Rhizobium cicerri strain CC1192 obtained from the Coated Seed Company, 
Christchurch. Inoculation was by mixing the chickpea seed thoroughly with a slurry made from 
mixing the inoculum in 100 ml water. The inoculated seed was left overnight to dry before it 
was drilled the next day. 
Nitrogen: In the 1992-93 and 1993-94 seasons, nitrogen was supplied as calcium ammonium 
nitrate (27 % N) and broadcast onto the plots by hand before drilling. 
Field preparation 
In both seasons the experimental field was prepared using standard farm practices of ploughing, 
harrowing and rolling. Individual plots were 2.1 m wide and 10 m long. Seed was drilled in 
15 cm rows using an Oyjord cone seeder to give a plant population of 45 plants/m2• 
Weed control 
In 1992-93 weed control was with two applications of cyanazine at 1.7 kg a.i./ha applied at both 
pre-sowing (seven days before) and pre-emergence (seven days after sowing). Following 
herbicide application, weeds were kept to a minimum by hand weeding in this and subsequent 
seasons. 
A pre-emergence spray of metribuzin at 350 g a.i./ha was applied three to seven days after 
sowing for all five sowing dates in the 1993-94 season. After the July sowing the un-sown plots 
were sprayed with glyphosate at 540 g a.i./ha. This was repeated on the November sown plots 
before sowing. 
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-- Disease and pest control 
In 1992-93 two sprays of benomyl at 1 kg a.i.lha and one spray of chlorothalonil at 1 kg a.i.lha 
were applied to prevent and control fungal diseases. One application of dichlorvos at 750 g 
a.i./ha was made to control thrips. 
In 1993-94 infected plants were hand pulled to check the spread of Fusarium wilt (Fusarium 
oxysporum) in all sowings. A mixture of benomyl at 1 kg a.i.lha and chlorothalonil at 
1 kg a.i./ha was sprayed against Botrytis grey mould (Botrytis cinerea). 
Basal irrigation 
In the 1993-94 experimental season, where irrigation was not a treatment, two basal irrigations 
(approximately 50 mm and 25 mm) were applied to maintain available soil moisture to the plants 
using a water budget calculated using the Penman (1962) technique. 
Sampling 
Dry matter accumulation 
Total dry matter accumulation over the season was measured and maximum crop growth rates 
calculated only in the 1993-94 season. Random samples were taken from 0.2 m2 areas per plot. 
The first two samples were taken at two weekly intervals and after that at monthly intervals until 
final harvest. The samples were oven dried for 48 hours at 70°C in a forced draft oven and 
weighed for dry matter content. 
Final harvest 
In the 1992-93 season final yield measurements were taken from 2 m2 (1.2 m wide x 1.7 m long) 
sample areas per plot from 72 plots. Samples in 1993-94 were taken from an area of 2.4 m2 (1.2 
m wide x 2 m long) per plot from 40 plots. In both seasons the area sampled covered the middle 
8 rows of the plot. 
The samples were machine threshed and the straw and seed separated. The seeds were passed 
thr,ough a sieve to eliminate all seed of less than 2 mm in diameter. Seed and straw were 
weighed separately. 
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Statistical analysis 
For all data, the effect of the various treatments was determined by carrying out an analysis of 
variance on all variates. In 1992-93 the statistical package used to carry out this analysis was 
Genstat (Rothamsted, 1980) whereas in 1993-94 it was Minitab (Minitab Inc., 1994) and SAS 
(Statistical Analysis System Institute Inc., 1988). Standard errors of mean (SEM) and coefficient 
of variation (CV as a %) were also calculated. In addition in 1993-94 orthogonal contrasts were 
used to test the difference between winter and spring sowing dates and July versus later sowings. 
An analysis of variance using plants/m2 as a covariate was also done to determine the extent of 
influence plant population had on the effect of sowing date obtained in 1993-94. 
CLIMATE 
All climate data was recorded at the Broadfield meteorological station in Lincoln, Canterbury, 
which is situated about one kilometre from the experimental site. 
1992-93 Season 
In 1992-93, the winter and spring seasons were ~ical of the Canterbury region. They were 
exceptionally wet and slightly colder than average. The 50 year average monthly rainfall for 
August, September and October is 41,50 and 54 mm respectively. These values are much lower 
than the rain which fell in these months in the 1992-93 season of 167, 74 and 81 mm 
respectively (Fig. 3.1). Overall rainfall during the entire growing season was approximately 
177 mm more than the 50 year average for the same period. Average maximum and minimum 
air temperatures for December, January and February during the experimental season were 
approximately 1.6 and 0.5 DC lower than the monthly 50 year average. 
1993-94 Season 
In the 1993-94 season the winter and spring were colder, and winter drier than long term means 
(Fig. 3.2). Rainfall in July, August and October was only 17, 13 and 10 mm respectively 
compared to 50 year corresponding mean values of 58,41 and 54 mm. The exception was the 
un~sually high rainfall of 133 mm (highest in the season) in September. December to March 
however was wetter with total rainfall of approximately 291 mm compared with about 223 mm 
in 1992-93. The average maximum and minimum temperatures for July, August and September 
were approximately 2.5 and 2 DC lower than the 50 year average per month. Mean temperatures 
experienced in these months was similar to that in 1992-93. However, minimum air temperatures 
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Fig. 3.1. Mean weekly and 50 year monthly average maximum and minimum air temperatures, 
and weekly total rainfall at Lincoln during the 1992-93 growing season. 
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Fig. 3.2. Mean weekly and 50 year monthly average maximum and minimum air temperatures, 
and weekly total rainfall at Lincoln during the 1993-94 growing season. 
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-- for July and August were 1.5 DC lower in 1993-94. Average maximum and minimum air 
temperatures during December was about 4.8 and 1.8 DC lower than the monthly 50 year average, 
while average temperatures in January and February were similar to the 50 year monthly average. 
RESULTS 
Plant population 
In 1992-93 the plant population at final harvest was the same for both winter and spring sowings 
at approximately 40 plants/m2. The plant popUlation at emergence in 1993-94 ranged from 
18 plants/m2 in the July sown crop to 30 plants/m2 in the November sowing. At final harvest 
however the number of plants ranged from 6 in the July sowing to 22 plants/m2 in the November 
sowing. 
Seed yield 
In 1992-93 there was no significant difference in seed yield between the July and September 
sown crops (Table 3.2). In 1993-94 a wider range of possible sowing dates for Canterbury was 
tested and a highly significant seed yield response was observed (Table 3.3). An orthogonal 
comparison showed that seed yield produced by winter sown plants was significantly (P<O.OOI) 
lower (by about 143 g/m2) than spring sown plants. The three spring sowings were not different 
to each other. However, when the influence of plant population was removed, sowing date had 
no effect on seed yield (Table 3.3). 
Application of up to 90 kg N/ha did not significantly increase seed yield in 1992-93 (Table, 3.2). 
In 1993-94 however, 90 kg N/ha significantly increased seed yield from 227 to 267 g/m2 
(Table 3.3). However, the seed yield of 267 g/m2 in 1993-94 with 90 kg N/ha was less than that 
obtained with no nitrogen application in 1992-93. Rhizobial inoculation had no significant effect 
on seed yield in 1992-93 (Table 3.2). 
Dry matter production 
Toral dry matter at harvest 
In 1992-93, sowing date had no effect on total dry matter (TDM) production (Table 3.2). In 
1993-94 sowing date had a significant effect on TDM with the July sown plants producing 
significantly (P<O.OI) lower TDM than later sowings (Table 3.3). However, on removing the 
effect of plant population, sowing date showed no influence on TDM production (Table 3.3). 
46 
Nitrogen did not have a significant effect on TDM production in 1992-93 (Table 3.2). In 
1993-94 however, 90 kg N/ha significantly increased TDM from 693 to 783 g/m2 (Table 3.3). 
Inoculation did not have any significant effect on TDM (Table 3.2). 
Dry matter production during season 
In 1993-94 sowing date influenced cumulative dry matter production during the season. Dry 
matter increases during the season with the application of 90 kg N/ha were more pronounced in 
the August and September sown crops and the difference was evident at 150 and 120 days after 
emergence (DAB) respectively (Fig. 3.3b, 3.3c). In the July sown crop dry matter production 
was increased by nitrogen application between 90 and 120 DAB after which it did not differ from 
the control crop (Fig. 3.3a). The October sown crop did not show any response to nitrogen 
application (Fig. 3.3d). In the November sown crop the plants which had received nitrogen 
produced less dry matter during the season but had greater TDM production at physiological 
maturity (Fig. 3.3e). Maximum crop growth rates (em) for July, August, September, October and 
November sown plants were 12, 15, 18, 22 and 21 g/m2/day respectively. With nitrogen 
application, em almost doubled in the winter sowings (July and August). In the spring sowings 
(September and November) nitrogen application increased em by 59 and 29 % respectively while 
it had no change in October sowing. 
Maximum dry matter 
In 1993-94 the highest maximum dry matter (LSD = 252 g/m2, P<0.05) was produced by the 
August sown crop at 1580 g/m2. This was 74 % more dry matter than was produced by the July 
(910 g/m2) sown crop (Table 3.3). Maximum dry matter production declined with delayed 
sowing in the September, October and November sown crops, although they all had a higher 
maximum dry matter production than the July sown crop. The maximum dry matter achieved 
in a late spring sown (November) crop (967 g/m2) was only 6 % more than that in an early 
winter sown (July) crop. Sowing date had a significant effect on maximum dry matter 
production independent of the influence of plant population. Nitrogen had no significant effect 
on maximum dry matter (Table 3.3). 
Harvest index 
In 1992-93 sowing date had no significant effect on HI (Table 3.2). However, in 1993-94 there 
was a highly significant difference in the HI among the different sowing dates, specially between 
winter and spring sowing (P<O.OOI) (Table 3.3). On average the difference in HI between the 
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_ winter and spring sowings was 17 %. This difference was independent of the influence of plant 
population. The highest HI (0.44) was achieved in the November sown crop, which was not 
different from the October sowing, but was significantly different from the September sowing 
(LSD = 0.07, P<0.05). 
In 1992-93 HI was significantly decreased by nitrogen application (Table 3.2). The difference 
however, between the highest and lowest HI was only 3 %. There was no significant response 
in HI to nitrogen application in the 1993-94 season (Table 3.3). Inoculation had no significant 
effect on HI (Table 3.2). 
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Table 3.2. Effect of sowing date, nitrogen and inoculation on total dry matter (TDM), seed and 
straw yield at final harvest and harvest index (HI) of chickpeas in the 1992-93 
season. 
Factors TDM Seed Straw HI 
(g/m2) (g/m2) (g/m2) 
Sowing date 
July 675 270 408 0.40 
September 731 303 428 0.41 
Significance NS NS NS NS 
SEM 34.0 14.8 20.5 0.006 
Nitrogen 
0 665 280 386 0.42 
15 706 292 416 0.41 
45 697 274 428 0.39 
90 744 301 443 0.40 
Significance NS NS NS * 
SEM 25.1 10.6 15.2 0.006 
Inoculation 
0 668 268 399 0.40 
lnocn. x 1 716 292 428 0.40 
Inocn. x 2 726 299 426 0.41 
Significance NS NS NS NS 
SEM 21.7 9.2 13.2 0.006 
Significant NIL NIL NIL NIL 
interactions 
CV% 15.1 15.7 15.5 6.7 
* = P<0.05 ** = P<O.Ol *** = P<O.OOl 
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Table 3.3. Effect of sowing date and nitrogen on maximum dry matter from sampling, total dry 
matter (TDM) , seed and straw yield at final harvest and harvest index (HI) of 
chickpeas in the 1993-94 season. 
Factors Maximum TDM Seed Straw ill 
dry matter (g/m2) (g/m2) (g/m2) 
(g/m2) 
Sowing date 
July (J) 910 624 159 465 0.25 
August (A) 1580 778 162 616 0.21 
September (S) 1299 789 294 495 0.37 
October (0) 1316 773 298 475 0.38 
November (N) 967 728 321 407 0.44 
Significance ** *** *** *** *** 
SEM 96.9 28.8 19.2 23.0 0.021 
Orthogonal 
Contrast 
J+A vs S+O+N NS NS *** ** *** 
J vs A+S+O+N *** ** 
ANOVA with 
plants/m2 as 
a covariate ** NS NS ** ** 
Nitrogen 
0 1157 693 227 466 0.32 
90- 1272 783 267 517 0.33 
Significance NS ** * * NS 
SEM 61.3 18.2 12.1 14.5 0.013 
Significant NIL NIL NIL NIL NIL 
interaction 
CV% 19.5 11.0 22.0 13.2 17.1 
* = P<0.05 ** = P<O.Ol *** = P<O.OOl 
Fig. 3.3a,b. 
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Fig. 3.3c,d. 
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DISCUSSION 
Seed yield 
The maximum seed yield obtained over both experimental seasons was 3.2 t/ha. No significant 
differences in seed yield were recorded between the July and September sown crop in 1992-93. 
In 1993-94, the marked variability in seed yield among the range of sowing dates tested was 
mainly due to differences in plant population. The low seed yield in the 1993-94 winter sown 
crop when compared to the spring sown crop was due to a significantly lower plant population 
in winter. This resulted from poor germination and a high number of plant deaths in the winter 
. sown crop, attributed to the long, cold and very dry winter in the 1993-94 season (Fig. 3.2). Low 
chickpea plant populations due to cold winter temperatures have also been reported by McKenzie 
and Hill (1995). The low population meant less interplant competition and therefore individual 
plants were larger. This Situation, combined with the indeterminate nature of the plants, would 
have enhanced vegetative growth at the expense of reproductive growth (Saxena, 1980a). Low 
seed yield in winter sowing may also be due to a higher abortion of reproductive structures. 
Savithri et al. (1980) and Saxena (1980b) have reported that continued cold spells at temperatures 
of about 10 to 18°C resulted in very high pod drop during the early flowering period in the sub-
tropics. In 1992-93 the advantage of having sufficient moisture and comparatively higher 
minimum air temperatures during winter (Fig. 3.1) would have reduced plant deaths. 
Unlike the significant seed yield increases of up to 2 t/ha in lentils (McKenzie, 1987) and about 
1.3 t/ha in faba bean (Husain et al., 1988a) obtained by autumn and winter sowing in Canterbury, 
chickpeas have shown no such response to early sowing. Work by Mckenzie and Hill (1995) and 
the results from the 1992-93 and 1993-94 experiments show that winter sowing of chickpeas in 
Canterbury had no advantage over spring sowing. The prospect of a poor crop stand due to cold 
and the greater possibility of disease incidence in winter makes spring sowing of chickpeas 
preferable in Canterbury. Although seed yield between the three spring sowings did not differ, 
a significantly (P<0.05) higher seed yield was produced per gram of dry matter in the November 
sown plants compared with the September sown plants (Table 3.3). This indicates that sowing 
from mid to late spring is most efficient in terms of seed yield production. Siddique and Sedgley 
(IQ86) have also reported better efficiency in distribution of dry matter to seed yield with later 
sowings in South Western Australia. Therefore from this study it may be concluded that the 
optimum time for sowing chickpeas in Canterbury is mid October to early November. 
Plant nutrition can also influence yield variability in chickpeas (Ahlawat, 1990). The lack of 
54 
-- response to nitrogen in 1992-93 may have been due to leaching resulting from the high rainfall 
(Fig. 3.1). However, a more likely explanation is it was because of a higher available soil 
nitrogen as the paddock had previously been in pasture. In 1993-94 nitrogen application at 
90 kg/ha significantly increased seed yield. This significant response to nitrogen is attributed to 
low available soil nitrogen (Table 3.1) (Chowdhury et al., 1972; Hernandez and Hill, 1984) due 
to the previous barley crop. The fact that the plants that received no nitrogen application in 
1992-93 had a slightly higher seed yield than the plants that received nitrogen application in 
1993-94, also indicates that nitrogen application in Canterbury is only beneficial when soils are 
deficient in available nitrogen. Positive responses to nitrogen application in chickpeas has been 
shown by other workers (Saxena, 1987; Subba Rao, 1988; Thakur et al., 1989; McKenzie and 
Hill, 1995), and Beck et al. (1991) found that chickpeas generally do not fix adequate nitrogen 
for their own needs even if vigorous nodules were present. 
In 1992-93 inoculation with Rhizobium had no significant effect on seed yield. This was despite 
. . 
doubling the amount of inoculum recommended. This could be because of the moderately high 
soil nitrogen levels from the previous pasture (Table 3.1). Readily available soil nitrogen has 
been shown to affect Rhizobium symbiosis by reducing nodul~ biomass (Saxena and Sheldrake 
1980; Rupela and Saxena, 1987). Nodulation might have also been affected by the unusually 
cold and wet conditions during the 1992-93 growing season. Soil temperatures below 15°C have 
been reported to adversely restrict nodulation (Kosgey et al., 1993) and nitrogen fixation (Rupela 
and Beck, 1990) in chickpea in the early stages of plant growth. Rhizobia are capable of 
migrating via continuous films of water in the soil and can get flushed down as the water moves 
vertically through the soil profile (Worral and Roughley, 1976). The more than average rainfall 
(Fig. 3.1) that was received during the 1992-93 season could have contributed to a dispersal of 
Rhizobium inoculum down the soil profile making it less available for an effective symbiotic 
relationship. Hernandez (1986) observed a significant effect of inoculation when Rhizobium 
strain CC1192 was first introduced into Canterbury soils. Since the 1992-93 experiment was 
conducted on the same site, it is possible that the soil already had some Rhizobium hence 
masking the effect of inoculation. McKenzie and Hill (1995) reported similar findings of no 
inQculation effect on seed yield with the same strain of Rhizobium used in this study. However, 
a blanket application of Rhizobium is recommended in Canterbury to avoid chances of plants not 
nodulating. There is a need to find cultivar specific strains suited to Canterbury. 
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Dry matter production 
In the 1992-93 season there was no significant effect of sowing date, nitrogen, Rhizobium 
inoculation or their interactions on TDM produced at final harvest and it followed similar trends 
to seed yield of the same year for similar reasons. 
In 1993-94 the significantly lower TDM at harvest in the July sown plants was mainly due to a 
lower plant population in July sowing and not the effect of sowing date. However, the 
significantly lower maximum dry matter in the July sowing was not influenced by plant 
population (Table 3.3). The July sown plants were subject to a longer cold and dry (Fig. 3.2) 
vegetative stage which resulted in the lowest maximum crop growth rate (Cm) of 12 g/m2/day 
contributing to the low maximum dry matter production. The low maximum dry matter produced 
in July sowing may also have resulted from the slow development of LA! .due to the very low 
plant population (Hernandez and Hill, 1985), resulting in poor canopy development and less 
interception of PAR, hence low dry matter accumulation (Khanna-Chopra and Sinha, 1987). 
However, comparatively warmer spring temperatures, a better canopy cover and a relatively more 
number of DAB to maximum dry matter (150 DAB in August and 120 DAB in September and 
October sowings), and therefore increased radiation interception compared with the November 
sown plants (90 DAB), might have contributed to the high maximum dry matter produced by the 
August, September and October sown plants. Although the growing conditions with temperature 
aI)d moisture were good for the November sown crop, it attained maximum dry matter within a 
shorter period because of increasing summer temperatures and daylength (Saxena, 1987; Gray 
and de Delgado, 1989). It thus achieved a maximum dry matter production that was higher than 
July sowing but slightly lower than the other earlier sowing dates. Maximum crop growth rates 
increased from 25 % in August sowing (15 g/m2/day) to about 80 % in the October and 
November sowings (21.5 g/m2/day) when compared with July sowing (12 g/m2/day), because of 
increasing temperatures and photoperiod experienced by later sown plants. A similar rapid 
increase in Cm with later sowing was observed by Kosgey (1994) in chickpeas and McKenzie 
(1987) in lentils. 
Dry matter production responded positively to applied nitrogen in 1993-94 probably due to 
inadequate levels of available soil nitrogen (Table 3.1) (Hernandez and Hill, 1984; Saxena, 1987; 
McKenzie et al., 1994). Nitrogen when applied judiciously can increase branching, LA! and leaf 
area duration, which leads to higher dry matter production and consequently greater seed yield 
(Hay and Walker, 1989). The increase in TDM may also be due to an increase in crop growth 
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- rates with nitrogen application as indicated by the observed increase in em with applied nitrogen. 
Harvest index 
Harvest index did not vary significantly between sowing dates in 1992-93, because there was no 
significant sowing date effect on either TDM or seed yield. In 1993-94 however, the winter 
sown crops (July and August) had lower harvest indices compared to the spring sown crops 
(September, October and November). The low HI in the winter sown crop was due to the lower 
seed yield produced, from a TDM that was comparable to that achieved in the spring sown crops. 
An extended period of vegetative growth resulting in a period of ineffective flowering in the cool 
winter environment may result in a reduction in HI (Saxena, 1984). The seed yields of the spring 
sown crops were nearly double those from the winter sown crops. The cold temperatures that 
the July and August sown crops experienced till pod set might have resulted in the crop investing 
more into vegetative growth at the expense of reproductive growth, hence increasing crop 
duration (Khanna-Chopra and Sinha, 1987). In soybeans, Schapaugh and Wilcox (1980) reported 
that HI declined progressively as the period to maturity lengthened. Stapper and Fischer (1990) 
found in a wheat crop that all the factors associated with longer growing periods were negatively 
correlated with HI. High flower and pod abortion ob~erved in the July sowing (about 58 %) and 
also in the September sown plants (more than twice that observed in the November sown crop) 
(Fig. 5.4), may also have been a cause of the low HI in the July and August sown crops. 
Although the September sown crop also had a high abortion rate, it had twice the number of 
plants/m2 than July sowing and a higher mean seed weight. 
In 1992-93 there was a significant decrease in HI with increased application of nitrogen. 
Table 3.2 shows that while the nitrogen effect on TDM was not significant the trend of increasing 
dry matter with added nitrogen was large enough to result in a significant decrease in HI with 
increasing nitrogen. A review on cereals has found that application of nitrogen at supra-optimal 
rates caused small but significant reductions in HI, because biomass continued to respond to 
nitrogen application after seed yield stopped increasing (Hay, 1995). Similar observations were 
made in field beans (Viciafaba) (Thompson and Taylor, 1981). In 1993-94 the increase in TDM 
du~ to nitrogen resulted in a corresponding increase in seed yield. Therefore HI did not differ 
significantly with nitrogen application. 
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CHAPTER 4 
Effect of light and soil moisture on yield of chickpea (Cicer arietinum) 
in Canterbury, New Zealand! 
T.!. Verghis, B.A. McKenzie and G.D. Hill 
Plant Science Department 
Lincoln University 
Canterbury, New Zealand 
SUMMARY 
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An experiment was conducted in 1994-95 to test the most likely factors (reduced light intensity 
-
and water availability) responsible for abortion of reproductive structures in chickpea (Cicer 
arietinum L.). Shaded plants produced nearly 50 % less seed than the unshaded plants, while 
irrigation had no effect. Total dry matter (TDM) production was reduced 29 % in the shaded 
plants and increased by 31 % in the irrigated plants. The reduction in TDM was highly 
correlated with radiation interception, where about 2.1 g DM were produced per MJ of 
intercepted photosynthetically active radiation (PAR). Functional growth analySis showed that 
the crop growth rates were 14 and 27 g/m2/day for shaded and unshaded plants respectively. 
Seed yield was strongly affected by an extreme drop in harvest index (HI) in shaded irrigated 
plants. This drop in HI was due to a limited assimilate supply and increased reproductive 
abortion. 
INTRODUCTION 
In 1994-95 an experiment was set up to study the effect of some important agronomic factors on 
yield and yield development of chickpeas in Canterbury. Results with chickpeas from the 
previous two seasons (1992-93, 1993-94) gave explainable effects on yield of sowing date, 
nitrogen and Rhizobium. However, it was difficult to make inferences about the high rate of 
abortion of reproductive structures (up to 65 % per plant) in the winter and early spring sown 
plants compared with the lower (30 % per plant) rate observed in the late spring sowing. 
1 A version of this paper has been submitted to the New Zealand Journal of Crop and 
Horticultural Science 
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_ Therefore this experiment focused on factors which were thought to cause a high percentage of 
abortion of reproductive structures. 
Causes of high abortion of reproductive structures in chickpeas, and other grain legumes, that 
have been commonly reported are low temperatures (Savithri et ai., 1980; Saxena, 1980b) and 
reduced light intensity (Mann and Jaworski, 1970; Liyanage and McWilliam, 1981; Khanna-
Chopra and Sinha, 1987). Cloudy weather, which can also reduce incident solar radiation (Hay 
and Walker, 1989) and is often associated with rainfall and high humidity (Aziz et ai., 1960; 
Varma and Kumari, 1978; Dahiya et ai., 1987, Khanna-Chopra and Sinha, 1987) is reported to 
cause high abortions. Water availability can also influence abortion rates (Keatinge and Cooper, 
1983; Siddique and Sedgley, 1986). 
From the results of the 1992-93 and 1993-94 experiments it was difficult to determine the 
influence of waterandlor light on abortion of reproductive structures and variation in seed yield 
and HI. This experiment was conducted to study the effect of reduced light intensity and water 
availability on the yield and yield component development in chickpeas. The paper focuses on 
the following observations: 
1. The effect of adequate or low water availability on seed yield and HI. 
2. The effect of reduced light intensity during crop growth on seed yield and HI. This was 
done by simulating the effect of increased cloud cover by the use of shade cloth. 
3. To test which of the above factors was the main limiting factor in seed yield and HI. 
MATERIALS AND METHODS 
The experiment was sown on a Templeton silt loam soil (New Zealand Soil Bureau, 1954) at the 
Lincoln University Henley Research Farm. A Ministry of Agriculture and Fisheries (MAP) soil 
quick test was done to ascertain the soil available nutrient levels for a depth of 0-30 cm. 
Estimated levels of Ca, K, P, Mg, Na and S were 1375, 260, 22.0, 100, 40 and 
15 micrograms/gram soil. Total nitrogen was 34 % and soil pH was 5.4. The site was 
previously in carrots (Daucus carota var. sativus). 
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Treatments and experimental design 
The treatments were shade (40 % shade) or full light (un shaded) combined with two levels of 
irrigation (unirrigated and irrigated). The experiment was a completely randomised block design 
with a factorial combination of shade and irrigation, replicated five times. All plants were 
inoculated at twice the recommended rate. 
Cultural practices 
Materials used 
Seed: Locally obtained Kabuli chickpea (cv Hernandez) with a 1,000 seed weight of 311 g and 
a germination percentage of 55 % was used in this season. Seed was treated with a systemic 
fungicide Apron C 70 SD (a.i. metalaxyl 350 g/kg and captan 350 g/kg) at the rate of 200 g 
(dissolved in 500 ml of water) per 100 kg seed. A blanket application of Rhizobium inoculation 
was with Rhizobium cicerri strain CC1192 obtained from the Coated Seed Company, 
Christchurch. Inoculation was by mixing the chickpea seed thoroughly with a slurry made from 
mixing the inoculum in 100 ml water. The inoculated seed was left overnight to dry before it 
was drilled the next day. 
Shade: Shade as a treatment was obtained by using a synthetic monofilament shade material. 
With the help of two miniature tube solarimeters (model TSM, Delta-T devices, Cambridge, 
England) the shade material was tested and found to provide approximately 40 % shade averaged 
over the whole day. The shaded area in each treated plot was 5 m long and 1.8 m wide. This 
shade cloth was placed at a height of 1.1 m above the ground at seedling emergence. 
Irrigation: Irrigation was applied using trickle tubes and whiskers. Lateral pipes were placed 
every two rows at 30 cm spacings (six pipes per plot). Trickle whiskers 3-4 cm long were 
spaced at 30 cm intervals. This ensured an even spread of moisture over twelve rows of the crop 
per plot. The aim of the moisture treatment was to provide humid conditions and this was done 
by bringing the soil back to field capacity at each irrigation. Field capacity at the site was 
estimated to be 32 % for a depth of 20 cm, and was measured using Time Domain RefIectometry 
(TPR) , (TRISE, systems model 6050Xl, Soil Moisture equipment Corporation, Santa Barbara, 
California, U.S.A.). The permanent wilting point for a Templeton silt loam was taken to be 
15.5 % (McLaren and Cameron, 1990). Irrigation was applied by calculating a water budget so 
that when soil moisture reached 20 % (volumetric), enough water was applied to bring the soil 
moisture level back up to field capacity. Soil moisture content was measured by TDR from 
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permanently placed rods at 20 cm depth at six different spots within the experimental area. A 
total of 108 mm of water was applied over the season. 
Field preparation 
The experimental field was prepared using standard farm practices of ploughing, harrowing and 
rolling. Individual plots were 2.1 m wide and 10 m long. Seed was drilled in 15 cm rows using 
an Oyjord cone seeder to give a plant population of 45 plants/m2• 
Weed control 
Weed control was by incorporation of trifluralin at 400 g a.i.fl to the soil with harrows a week 
before sowing. Two weeks after emergence a spray of fluazifop-butyl at 375 g a.i./ha was given 
to control monocotyledonous weeds. Subsequent weed control was by hand. 
Disease and pest control 
Some manual removal of plants was done to check the spread of a viral disease. No other 
disease and pest control measures were taken in this season. 
Measurements and sampling 
Field measurements 
Leaf area index: Leaf area index was measured using a plant canopy analyzer 
(LICOR LA! 2000). Seven measurements were made fortnightly from two weeks after 
emergence. Four above and below canopy measurements were taken per plot per session. 
Radiation interception: The canopy analyzer also measured the fraction of light transmitted 
through the canopy to the ground surface (Tr). From this the fraction of light intercepted by the 
canopy (LJ was estimated using the technique of Gallagher and Biscoe (1978) (Equation 4.1). 
(Equation 4.1) 
_ The amount of PAR intercepted (Pa) was calculated from Equation 4.2 (Szeicz, 1974). 
(Equation 4.2) 
Where Pi is the total amount of incident PAR 
Note: daily incident PAR receipts in the shaded plants 
were calculated at 60 % of that of unshaded plants. 
Sampling 
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Dry matter accumulation: Total dry matter accumulation over the season was measured from 
0.1 m2 per plot random samples taken fortnightly from two weeks after emergence until final 
harvest. The samples were oven dried for 48 hours at 70°C in a forced draft oven and weighed 
for dry matter content. 
A functional growth analysis was done using the Maximum Likelihood Programme (MLP) 
programme from Rothamsted Experimental Station, U.K. (Ross et al., 1987) and Richards 
functions were fitted to majority of the growth analysis data using the method of Gallagher and 
Robson (1984) (Equation 4.3). 
y = C/(l + T exp (-b(x - m)))lIT (Equation 4.3) 
Where y is yield, C is the final above ground crop weight and T, band m are constants. 
The remaining data was fitted to simple logistic or gompertz curves (Causton and Venus, 1981). 
The values of C, T, band m were used to calculate the weighted mean absolute growth rate 
(WMAGR) , maximum crop growth rate (Cm) and duration of exponential growth of the crop 
(DUR) using Equations 4.4, 4.5 and 4.6 respectively (Gallagher and Robson, 1984). 
WMAGR = bc/2(T + 2) 
C
m 
= bc/(T + 1P + Iff) 
DUR = 2(T + 2)/b 
(Equation 4.4) 
(Equation 4.5) 
(Equation 4.6) 
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_ Final harvest: Final yield measurements were taken from 2 m2 (1.2 m wide x 1.7 m long) 
samples per plot from 20 plots. The area sampled covered the middle 8 rows of the plot. 
The samples were machine threshed and the straw and seed separated. The seeds were passed 
through a sieve to eliminate all seed of less than 2 mm in diameter. Seed and straw were 
weighed separately. 
Statistical analysis 
For all data, the effect of the various treatments was determined by carrying out an analysis of 
variance on all variates. The statistical package used to carry out this analysis was Minitab 
(Mini tab Inc., 1994). Standard errors of mean (SEM) and coefficient of variation (CV as a %) 
were also calculated. 
CLIMATE 
All climate data was recorded at the Broadfield meteorological station in Lincoln, Canterbury, 
which is situated about one kilometre from the experimental site. 
The 1994-95 season was exceptionally dry compared with both the 50 year averages and the 
previous two seasons (Fig. 4.1). Total rainfall for the whole season from October to March was 
very low at 155 mm which is 173, 195 and 237 mm less than the 50 year average, the 1992-93 
and the 1993-94 seasons respectively, for the same period. Average maximum temperatures were 
similar to the 50 year monthly averages, but the average minimum temperatures were 2°C lower 
in spring and about 1.5 °C higher in the summer months. Overall mean air temperatures in the 
1994-95 season were only 0.5 °C above the 50 year average, but it was still relatively warmer 
than the previous two seasons. 
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Fig. 4.1. Mean weekly and 50 year monthly average maximum and minimum air temperatures, 
and weekly total rainfall at Lincoln during the 1994-95 growing season. 
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RESULTS 
Plant population 
In this season all plots averaged 40 plants/m2 at emergence. At final harvest there were 
approximately 30 plants/m2 in all treatments. 
Seed yield 
Shade reduced seed yield by nearly 50 %, while irrigation had no significant effect (Table 4.1). 
However, there was a highly significant interaction between shade and irrigation on seed yield 
(Fig. 4.2). The highest seed yield of 389 g/m2 was from plants that were not shaded but received 
irrigation. The lowest seed yield of 139 g/m2 was from plants that were shaded and also received 
irrigation. Seed yield from the control plants that received no irrigation or shade was only 16 % 
lower than the highest seed yield .. 
Dry matter production 
, Total dry matter at harvest 
Shade significantly decreased TDM by 29 % and irrigation increased it by 31 % (Table 4.1). 
There was a significant interaction between shade and irrigation on TDM produced (Fig. 4.2). 
The highest TDM of 838 g/m2 was obtained under unshaded irrigated conditions and the 
lowest of 470 g/m2 under shaded unirrigated conditions. The unshaded unirrigated and 
shaded irrigated plants produced 24 and 14 % more TDM than the lowest TDM recorded 
respectively. 
Maximum dry matter 
Shade significantly decreased maximum dry matter by 554 g/m2 (Table 4.2). Although 
irrigation increased maximum dry matter by 274 g/m2 it was not found to be statistically 
significant. 
Harvest index 
Both shade and irrigation had a highly significant effect on HI (Table 4.1). ill was reduced 
by, o~ 14 and 0.17 with shade and irrigation respectively. There was also a highly significant 
interaction between shade and irrigation on HI (Fig. 4.2). The highest HI of 0.56 was from 
plants that received no shade or irrigation. Plants that received both shade and irrigation had 
the lowest ill of 0.25. 
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Table 4.l. Effect of shade and moisture on total dry matter (TDM), seed and straw yield and 
harvest index (HI) of chickpeas at final harvest in the 1994-95 season. 
Factors TDM Seed Straw HI 
(g/m2) (g/m2) (g/m2) 
Shade (S) 
Shaded 504, 188 316 0.37 
Unshaded 711 359 352 0.51 
Significance *** *** NS *** 
SEM 29.8 11.8 26.6 0.015 
Irrigation (1) 
Irrigated 688 264 424 0.36 
Unirrigated 527 282 245 0.53 
Significance ** NS *** *** 
SEM 29.8 11.8 26.6 0.015 
Significant S x 1* S x 1*** NIL S x 1** 
interaction 
CV% 15.5 13.6 25.1 10.9 
* = P<0.05 ** = P<O.OI *** = P<O.OOI 
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Fig. 4.2. The interaction between shade and irrigation on (a) seed yield (P<O.OOl), (b) 
straw yield (NS), (c) total dry matter (P<0.05) and (d) harvest index (P<O.Ol) of 
chickpeas in the 1994-95 season. 
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Functional growth analysis 
Richards functions were fitted to growth data (Fig. 4.3). Growth variates calculated from the 
curves are presented in Table 4.2 and show that shade had the greatest effect on crop growth 
rate. The shaded crop had mean and maximum growth rates that were only about half of the 
growth rates for the unshaded treatment. This reduction in growth rate was accompanied by a 
38 % decrease in maximum dry matter in the shaded crop when compared to the unshaded 
crop (Table 4.2). Irrigation did not significantly increase growth rates. 
Leaf area index 
A maximum LAI of 5 was achieved in the crop which was both irrigated and shaded 
(Fig. 4.4). On the other hand the lowest LAI was in shaded unirrigated plots, which peaked 
at about 2. LAI peaked for all treatments at 71 DAB except for the shadedjrrigated crop 
where it peaked at 85 DAB. 
Radiation interception 
LAI strongly influenced radiation interception (Fig. 4.5). A LAI of 3 was required to 
intercept at least 90 % of incident solar radiation (defined as canopy closure). The crop 
achieved full canopy closure with all treatments except when shaded with no irrigation 
(Fig. 4.4). The crops that received no shade or irrigation and both shade and irrigation had 
closed canopies by 71 DAB. While the plots that received no shade with irrigation achieved 
canopy closure by 57 DAB. 
Both shade and irrigation had a highly significant influence on intercepted PAR (Table 4.3). 
Shade reduced PAR significantly by 278 MJ/m2 while irrigation significantly increased 
interception of PAR by 135 MJ/m2• However there was no significant difference in 
utilization coefficient with either shade or irrigation. There was no significant interaction 
between shade and irrigation on intercepted PAR or its utilization coefficient. 
Radiation interception and dry matter production 
There was a highly significant (r = 0.991) linear relationship between cumulative dry matter 
and cumulative intercepted PAR (Fig. 4.6). The slope of this line which is the utilization 
coefficient was 2.6 g DM produced per MJ of intercepted PAR. When total intercepted PAR 
and maximum dry matter were analyzed, the regression line was slightly less exact and the r 
was only 0.692 (Fig. 4.7). However the slope of 2.1 g DM produced per MJ of intercepted 
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_ PAR was close to the above value. 
A further examination of treatment effects on the relationship between intercepted PAR and 
dry matter showed that on average the highest PAR (635 MJ/m2) was intercepted by unshaded 
irrigated plants and it corresponded to the highest maximum dry matter produced (1606 g/m2). 
The utilization coefficient was 2.5 g DM per MJ of PAR intercepted. Shaded un irrigated 
plants intercepted the least PAR (222 MJ/m2) to produce 720 g/m2 DM, with a utilization 
coefficient of 3.3 g DMlMJ PAR. The unshaded unirrigated plants accumulated 1310 g/m2 
DM from 488 MJ/m2 PAR, with a utilization coefficient of 2.7 g DMlMJ PAR, while shaded 
irrigated plants produced 981 g/m2 DM from 345 MJ/m2 PAR with a utilization coefficient of 
2.9 g DMlMJ PAR. 
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Table 4.2. The effect of shade and irrigation on maxim~m dry matter, duration of 
exponential growth (DUR), the weighted mean absolute growth rate (WMAGR) 
and maximum crop growth rate (em) of chickpea in the 1994-95 season. 
Maximum DUR WMAGR Cm I 
dry matter (g/m2/day) (g/m2/day) 
(g/m2) 
Shade 900 71 14 16 
No shade 1454 55 27 31 
Significance ** NS ** * 
SEM 101.9 6.4 2.4 4.5 
Irrigation 1314 67 21 24 
No irrigation 1040 60 19 23 
Significance NS NS NS NS 
SEM 101.9 6.4 2.4 4.5 
Significant NIL NIL NIL NIL 
interaction 
CV% 19.5 9.1 11.6 19.2 
* = P<0.05 ** = P<O.Ol *** = P<O.OOl 
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Fig. 4.3. Dry matter accumulation of chickpeas as affected by (a) (e) no shade, (0) shade 
and (b) (e) no irrigation, (0) irrigation in the 1994-95 growing season. 
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Fig. 4.4. The leaf area index of chickpeas as affected by different combinations of shade 
and irrigation «.) unshaded unirrigated, (0) unshaded irrigated, (A) shaded 
unirrigated, (.6.) shaded irrigated in the 1994-95 growing season. 
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Table 4.3. The effect of shade and irrigation on intercepted photosynthetically active 
radiation (PAR) and its utilization coefficient for chickpeas calculated from 
maximum dry matter in the 1994-95 season. 
PAR Utilization coefficient 
(MJ/m2) (g DMIMJ PAR) 
Shaded 284 3.1 
Unshaded 562 2.6 
Significance *** NS 
SEM 8.1 0.23 
Irrigated 490 2.7 
Unirrigated 355 3.0 
Significance *** NS 
SEM 8.1 0.23 
Significant NIL NIL 
interaction 
CV% 6.1 25.9 
* = P<0.05 ** = P<O.Ol *** = P<O.OOl 
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Fig. 4.7. Total accumulated photosynthetically active radiation (PAR) in relation to total 
dry matter produced at maximum dry matter production stage for chickpeas in the 
1994-95 season (. unshaded unirrigated, 0 unshaded irrigated, '" shaded 
unirrigated, f>. shaded irrigated). 
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DISCUSSION 
Seed yield 
Both shade and irrigation affected seed yield through a highly significant interaction. The highest 
seed yield was obtained with irrigation and no shade (LSD = 48, P<0.05). With irrigation, the 
unshaded plants achieved canopy closure quicker, enabling them to intercept the highest amount 
of PAR with an equally efficient conversion of PAR to dry matter. The plants that received both 
shade and irrigation produced the lowest seed yield, even though these plants also achieved 
canopy closure. . Reduced incident PAR received by shaded irrigated plants did not decrease 
straw yields but decreased seed yield which may be explained by the large reduction in III 
(Table 4.1) observed with both shade and irrigation. Under reduced light intensities the shaded 
irrigated plants were unable to accumulate sufficient photosynthetic assimilates to support a high 
seed yield as well as maintain the vegetative growth stimulated by irrigation (Saxena and 
Sheldrake, 1980; Kushwaha and De, 1987). The higher seed yield from shaded unirrigated plants 
compared with shaded irrigated plants in spite of the latter achieving a higher dry matter 
production, may be attributed to a 21 % higher abortion of reproductive structures (including 
aborted seeds) per plant in the shaded irrigated plants (Fig. 5.4). High abortion thus gave a 
considerably lower number of reproductive sink sites and therefore caused the reduction in seed 
yield (Siddique and Sedgley, 1986). 
Dry matter production 
From Fig. 4.3a,b it is clear that shade was the major factor influencing dry matter production 
during the 1994-95 season. Shaded plants produced less TDM (Table 4.1) and less maximum 
dry matter (Table 4.2) than unshaded plants. This was generally due to reduced levels of both 
incident and intercepted PAR (Saxena and Sheldrake, 1980; Hughes et al., 1987). These reduced 
PAR receipts correspond with the reduced growth rate shown in Table 4.2, where shaded plants 
grew at about half the rate of unshaded plants. The unshaded plants increased dry matter 
production by intercepting 278 MJ/m2 more total PAR than the shaded plants (Table 4.3). 
Irrigation significantly boosted TDM production under full light (Fig. 4.2c). Increased LAI with 
irrigation (Fig. 4.4) (Hughes et ai., 1987; 'Khanna-Chopra and Sinha, 1987) resulting in a high 
total intercepted PAR enabled the unshaded irrigated plants to produce a high TDM by final 
harvest. In shaded irrigated plants, although irrigation allowed full canopy closure, shade reduced 
the amount of total intercepted PAR and subsequently reduced TDM produced. The very low 
LAI (below the critical LAI) in combination with an equally low total intercepted PAR in the 
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'- shaded unirrigated plants resulted in the lowest TDM among all the treatment combinations. An 
increase in dry matter production with increased radiation interception has been reported in 
chickpeas (Hernandez, 1986) and also in lentils (McKenzie and Hill, 1991), peas (Heath et ai., 
1994), field bean (Husain et ai., 1988b) and mung beans (Liyanage and McWilliam, 1981). 
Harvest index 
The significantly lower HI for the shaded irrigated plants was a result of high TDM production 
and a limited supply of assimilates for seed growth. A combination of limited assimilate supply 
due to shade (Hay and Walker, 1989) and the tendency for excessive vegetative growth with 
irrigation (Saraf et ai., 1990) would have diverted much needed assimilates from the already 
limited supply for seed development, to maintenance of vegetative growth. This effect was 
further compounded by the increased level of reproductive site abortion. (72 % per plant, 
including aborted seeds) experienced by the shaded irrigated plants (Fig. 5.4). 
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CHAPTER 5 
Factors influencing the development of yield in chickpea (Cicer arietinum)l 
T.!. Verghis, B.A. McKenzie, G.D. Hill 
Plant Science Department 
Lincoln University 
Canterbury, New Zealand 
SUMMARY 
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A preliminary experiment in 1992-93 and two other experiments from 1993-95 were conducted 
to study the effect of sowing date, nitrogen application, Rhizobium inoculiltion, reduced light 
intensity and irrigation on the development of yield components in chickpea (Cicer arietinum L.) 
in Canterbury. Pods/plant, mean seed weight and plant population were all highly correlated 
(P<O.OOI) with total ,seed yield. November sowing (1993-94) and irrigation (1994-95) gave the 
highest calculated total seed yields of approximately 330 g/m2. Sowing date had the most effect 
on yield development by influencing plant population, branching, position of yield on the 
branches and the abortion of reproductive structures. Abortion (of mainly flowers and green 
pods) was a major contributor to loss of potential seed yield. Late spring sowing reduced 
potential seed yield loss due to abortion by up to 109/plant. Abortion was about 30 % higher 
in the early spring sown plants (1993-94) and was attributed to high rainfall. In 1994-95 high 
abortion (57 %) was attributed to the combination of reduced light intensity and irrigation. 
INTRODUCTION 
Variability in total seed yield in crops is the result of changes in yield components. The main 
causes contributing to yield component variability are genotype (Sadhu and MandaI, 1989), 
genotype by environment interactions (Shrivastava et al., 1990), sowing date in terms of 
temperature regimes and moisture availability (Poma and Fiore, 1990; Saxena, 1990; Pala and 
Mazid, 1992), plant population (Saxena, 1987; Singh et al., 1988), crop fertilizer requirements 
(Subba Rao, 1988), irrigation (Saxena, 1987; Singh et al., 1987b), inoculation (Rupela and Dart, 
1980) and weed and pest control (Shaktawat and Sharma, 1986). 
A version of this paper has been submitted to the Journal of Agricultural Science, 
Cambridge 
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_ Seed yield depends on the development of yield components (Slinkard and Sindhu, 1988). Seed 
yield per unit area is detennined by the product of the number of flowers fonned per plant, the 
percentage of fruit set, the number of seeds per fruit, mean seed weight and number of plants per 
unit area (Wilson, 1987; Zaiter and Barakat, 1995). A failure of any yield component to develop 
may result in reduced yield unless there is compensation. Including the number of branches per 
plant among yield components is not uncommon (Bahl, 1980; Hernandez and Hill, 1983). In 
chickpea the number of branches per plant is the main factor influencing the number of pod sites 
available for seed production. Hernandez and Hill (1985) attributed a significant increase in the 
number of pods per plant in chickpeas to a direct consequence of a higher number of primary 
and secondary branches bearing more fertile nodes at low plant popUlations. The number of 
branches per plant is mainly influenced by plant population and sowing date. 
In chickpeas flower and pod abscission is considered to be one of the most serious problems 
limiting seed yield (Vanna and Kumari, 1978; Savithri et ai., 1980; Siddique and Sedgley, 1986; 
Zaiter and Barakat, 1995). In other grain legumes such as field beans (Subhadrabandhu et ai., 
1978), cowpeas (Stewart et ai., 1980), soybeans (Wiebold et ai., 1981) and lentils (Chuannai et 
ai., 1992) the same applies. Causes reported include production of false flowers (Roberts et ai., 
1980; Saxena, 1980b), low temperatures (Savithri et ai., 1980; Zaiter and Barakat, 1995), high 
temperatures (Mann and Jaworski, 1970), rainfall (Vanna and Kumari, 1978), cloudy weather 
(Aziz et ai., 1960; Vanna and Kumari, 1978; Dahiya et ai., 1987), reduced light intensity 
especially during flowering (Mann and Jaworski, 1970; Liyanage and McWilliam, 1981), cultivar 
(Subhadrabandhu et ai., 1978), water availability (Keatinge and Cooper, 1983; Siddique and 
Sedgley, 1986), sowing date (Saxena, 1981; Silim et ai., 1991) and inflorescence position (Huff 
and Dybing, 1980). A small amount of abortion occurs due to internal competition (Summerfield 
and Wien, 1980) and/or the initial fonnation of pseudo flowers (Roberts et ai., 1980; Saxena, 
1980b; Khanna-Chopra and Sinha, 1987), but this might not cause significant yield losses because 
of the plant's ability to compensate. However, an increase or continuation of abortion during 
crop growth caused by the various factors mentioned above will reduce seed yield. Therefore 
understanding the development of yield components, particularly the pattern of flower production, 
pod retention and the extent and cause of premature abscission of flowers and pods in chickpeas 
becomes very important. This understanding would permit the development of crop management 
recommendations to help both stabilise and increase chickpea seed yield. 
Three field experiments were conducted to asses some factors which were thought likely to affect 
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__ the development of chickpea yield components in Canterbury. The work described in this paper 
had the following objectives: 
1. To determine the effect of sowing date, nitrogen, Rhizobium inoculation, reduced light 
intensity and irrigation on the yield components of chickpeas in Canterbury. 
2. To quantify the development of yield components as affected by sowing date, nitrogen, 
reduced light intensity and irrigation. 
3. To study the extent and pattern of abortion of reproductive structures and understand its 
causes. 
MATERIALS AND METHODS 
The materials and methods used for the 1992-93 and 1993-94 experiments are detailed in 
Chapter 3, while those for 1994-95 are described in Chapter 4. However, methods used specific 
to the objectives of this paper were as follows. 
Yield components 
In 1992-93 yield component data was collected from sub-samples of five plants per plot. The 
yield components measured were pods per plant, seeds per pod and mean seed weight. 
Yield components were used to calculate estimates of total seed yield (TSY) in 1993-94 and 
1994-95. The yield components measured were plants per m2, pods per plant, seeds per pod and 
mean seed weight. In 1993-94 these were recorded from final harvest samples of 2.4 m2 per plot. 
In 1994-95 they were obtained from 0.1 m2 sub-samples per plot. Pods were removed from 
every plant, counted and threshed. All seeds of more than 2 mm diameter were counted and 
weighed and the mean seed weight was calculated. 
Plant population 
In 1992-93 the plant population was counted at emergence. Because there were almost no plant 
deaths the plant stand at final harvest was taken to be the same as at emergence. However, due 
to poor germination and disease in the 1993-94 season and as a check in the 1994-95 season 
plant counts were taken both after emergence and at final harvest. 
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Tagging procedure used for the study of the development of yield 
Treatments 
The experiment in 1992-93 was used to develop a system suitable for monitoring of yield 
development. The system involved tagging plants as described below. Tagging was only done 
on July sown control plants. In 1993-94, plants from three sowing dates, July, September and 
November with no nitrogen were chosen to cover the range of sowing dates. The September and 
November sowing with 90 kg nitrogenlha were also tagged. In 1994-95 plants from all treatment 
combinations were monitored. 
Labelling plants 
In order to monitor the development of yield, individual plants were tagged. A total of 10, 8 and 
9 plants per treatment were randomly selected in 1992-93, 1993-94 and 19.,94-95 respectively. 
Plants were divided into four main branch groups: main stem, primary, secondary and tertiary 
branches. Because in 1992-93 the tertiary branches only contributed approximately 6 % to total 
seed yield, in the following experiments tertiary branches were not monitored. 
Each branch was given a unique code number that identified it and also placed it in the correct 
branch group (Fig. 5.1). Each branch code number corresponded with a distinct tag. Fine 
telephone wire of different colours was used as tags and when the colours ran out knots were 
made on the tags to differentiate among them. 
In 1992-93 one tag was placed on every node where a flower formed and when the flower 
matured into a pod another tag was put at the same node. It was found that this method 
overloaded the plants with tags. Therefore in the following two seasons only one tag was placed 
per branch to identify the branch while recording data. 
Data recording 
In 1992-93 all data was recorded on the plant during the growing season. Tags were placed on 
the plants throughout the season (from first flower) and at harvest maturity data was recorded. 
Pl','nts were checked every third day, as indicated above if a flower formed then a tag was placed 
at that node and if a flower became a pod then another tag was placed at the same node. 
Different colours for each day differentiated the flower and pod tags. 
In the next two seasons, data was collected every fourth to fifth day from first flowering. On 
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_ each recording day the development at every node on the plant was recorded. A portable 
platform was built to allow close examination of the plants. 
In all three seasons if any selected plant showed any sign of disease it was removed and data 
from it was disregarded. In 1992-93 and 1994-95 a sufficient number of plants survived right 
through the growing season. In the September 1993-94 sowing with 90 kg Nlha, several plants 
did not survive the season and alternative plants were selected. Data for these sowing dates were 
taken only from plants that were preseIit at final harvest, including plants tagged mid way 
through the season. The use of replacement plants meant that yield development data for early 
in the season was lost. Therefore the rate of pod set and abortion over the whole season could 
not be calculated for this treatment. However it was possible to calculate total pod set and 
abortion. Data from July 1993-94 sown plants are not included in the. results because of 
insufficient data due to plant deaths. 
Branch development was only monitored in the 1993-94 (September and November sown plants) 
and 1994-95 (under different levels of shade and irrigation) growing seasons. Branching data 
in 1993-94 was fitted to general logistic curves and the values of C, T and b were used to 
calculate the weighted mean branch appearance rate (WMBAR) using equation 5.1 (Gallagher 
and Robson, 1984). 
WMBAR = bc (Equation 5.1) 
2(T + 2) 
Since the WMBAR was similar to branch development rates calculated from the slope of the line 
obtained from a linear regression of the 1993-94 data, in 1994-95 branch development rates were 
determined from linear regressions of the linear phase of branching. 
To determine the cause of total abortion within each treatment (in 1993-94 and 1994-95) 
regressions of abortion with a range of weather parameters such as rainfall (1, 2, 3,4,5,6, 7 and 
10 days before date of recording abortion), maximum and minimum temperatures, relative 
huutidity and solar radiation (1, 2, 3, 4, and 5 days before record of abortion) and wind speed 
(1, 2 and 3 days before record of abortion) were calculated. Regressions of abortion with total 
rainfall up to one week before abortion were also calculated. 
The ~tatistical analysis of yield components was similar to that explained in Chapter 3. For 
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_ tagged plants, means and SEMs were calculated on the basis of the number of plants available 
for analysis. 
Flower: 
Green pod: 
Expanded pod: 
Mature pod: 
TSY: 
Total abortion (TAB): 
Definition of terms used 
A bud (Appendix la) was considered to be a flower when the 
petals of each individual flower were fully open (Appendix Ib). 
When the young developing pod emerged through the petals 
(Appendix lc). 
The green pod first expands like a balloon before the seed starts to 
develop and fill the pod. When the pod has fully expanded it feels 
brittle when pressed gently between the fingers (Appendix Id). 
A pod that has turned from green to yellowi~h brown or brown 
(Appendix Ie). 
Total seed yield of a crop may be defined as follows: 
Where P 1 is the number of plants per unit area, P p is the mean 
number of pods per plant, S is the mean number of seeds per pod 
and WI is the mean seed weight (Wilson, 1987). 
TAB = aborted flower buds + aborted flowers + aborted pods 
(green, expanded and mature pods) 
CLIMATE 
The climate during the 1992-93 and 1993-94 experiments is presented in detail in Chapter 3, 
while that during 1994-95 is presented in Chapter 4. 
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Fig_ 5_1. Diagram of a tagged chickpea plant with branch numbering explained in the key 
(MS = main stem; PM = primary branches; SC = secondary branches). 
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RESULTS 
Yield components 
Total seed yield 
In 1992-93 TSY was not calculated from the yield components. In 1993-94 yield component 
data was collected from the 2.4 m2 final harvest samples, therefore, the calculated TSY and 
recorded final seed yields were the same. Calculated TSY from sub samples and seed yield from 
final harvest samples in 1994-95 were highly correlated (~ = 0.67; P<O.OOl). 
Plant population 
The plant population at final harvest in 1992-93 was approximately 40 plants/m2 in both winter 
and spring sowings. In 1993-94 plant population at emergence ranged from 18 plants/m2 in the 
July sown crop to 30 plants/m2 in the November sowing. However at final ~arvest the number 
of plants ranged from 6 plants/m2 in July sowing to 22 plants/m2 in the November sowing 
(Table 5.2). In 1994-95 all plots averaged 40 plants/m2 at emergence. By final harvest there 
were approximately 30 plants/m2 in all treatments (Table 5.3). 
Pods per plant 
Sowing date had no effect on the number of pods per plant in 1992-93 (Table 5.1). However, 
in 1993-94 there were significantly (P<O.OOl) more pods on July sown plants (Table 5.2). The 
highest number of pods/plant (130) was obtained from July sowing and the lowest (67) in the 
November sowing. The number of pods per plant in the August, September and October sown 
crops had on average 11 pods/plant more, but were not significantly different from the November 
sown crop (LSD = 24, P<0.05). 
Nitrogen significantly (P<0.05) increased the number of pods per plant in 1992-93 (Table 5.1) 
but had no effect in the 1993-94 season (Table 5.2). Inoculation significantly (P<0.05) increased 
the number of pods/plant from 26 to 34 (Table 5.1). 
In 1994-95 there was a highly significant (P<O.Ol) interaction between shade and irrigation on 
the number of pods/plant (Table 5.4). The highest number of pods per plant (69) were produced 
with irrigation and no shade. The lowest number of pods per plant (30) was produced under 
shade with no irrigation. 
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__ Seeds per pod . 
In 1992-93 September sowing significantly (P<0.05) increased the number of seeds per pod 
compared with the July sowing from 0.93 to 0.99 (Table 5.1). However, in 1993-94 sowing date 
had no effect on the number of seeds per pod (Table 5.2). Nitrogen and inoculation also had no 
effect on the number of seeds per pod (Table 5.1, 5.2), giving an average of about 0.97 seeds per 
pod over the two growing seasons. 
An interaction between shade and irrigation in 1994-95, significantly (P<O.Ol) reduced the 
number of seeds per pod to 0.8 in plants that were both shaded and irrigated. All other treatment 
combinations produced an average of more than one seed per pod (Table 5.4). 
Mean seed weight 
Sowing date had no effect on mean seed weight in 1992-93 (Table 5.1). However, in 1993-94 
sowing date had a highly significant effect on mean seed weight (Table 5.2). The highest mean 
seed weight, 236 mg was from the September sown crop and the lowest was 189 mg in the 
August sown crop. On average mean seed weight for the winter sown crop (194 mg) was 
significantly lower (P<O.OOl) than that of the spring sown crop (224 mg) by 13 %. 
In 1992-93, nitrogen significantly decreased mean seed weight from 219 mg to 187 mg 
, 
(Table 5.1). There was no response in mean seed weight with nitrogen in 1993-94 (Table 5.2). 
Similarly, inoculation had no effect on mean seed weight (Table 5.1). 
There was a highly significant (P<O.Ol) decrease in mean seed weight with both shade and 
irrigation (Table 5.3). Shade decreased mean seed weight form 279 mg to 207 mg and irrigation 
from 278 mg to 207 mg. 
Correlation between yield and yield components 
To determine which yield components most significantly affected TSY, simple correlations were 
calculated between TSY and selected yield components for the 1993-94 and 1994-95 growing 
seasons (Table 5.5). Plants/m2, pods/plant, seeds/pod and mean seed weight all had highly 
significant correlations with TSY, but they varied between the two seasons (1993-94 and 
1994-95). The only yield component that had a significant correlation (r = approximately 0.50; 
P<O.Ol) with TSY in both seasons was the number of seeds/pod. There was also a highly 
significant correlation (P<O.Ol) between mean seed weight and seeds/pod in both seasons. 
93 
_Seeds/pod although significantly correlated to TSY had the lowest r values compared to the other 
significantly correlated yield components in both growing seasons (Table 5.5). In the 1993-94 
growing season mean seed weight had the highest correlation (r = 0.77) with TSY. However, 
in 1994-95 the highest correlation (r = 0.78; P<O.OOI) was between pods/plant and TSY. Further 
significant correlations among yield components in 1993-94 were between plants/m2 and TSY 
(r = 0.59; P<O.OOI) and plants/m2 and pods per plant (r = -0.67; P<O.OOI). 
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Table 5.1. The effect of sowing date, inoculation and nitrogen on yield components and 
recorded seed yield of chickpeas in 1992-93 (from 5 plant sub samples). 
Pods/ plant Seeds/ pod Mean seed wt Seed yield 
(mg) (g/m2) 
Sowing date 
July 31 0.93 196 293 
September 28 0.99 196 317 
Significance NS * NS NS 
SEM 1.4 0.02 17.0 2.4 
Nitrogen 
0 29 0.94 219 335 
15 34 0.96 187 355 
45 30 0.93 174 275 
90 37 1.00 187 386 
Significance * NS ** NS 
SEM 1.9 0.029 11.0 5.5 
Inoculation (I) 
0 26 0.92 196 250 
I x 1 34 0.96 194 314 
I x 2 33 0.99 196 360 
Significance * NS NS * 
SEM 1.8 0.025 7.0 2.1 
Significant NIL NIL NIL NIL 
interactions 
CV% 22.2 12.7 18.0 31.4 
* '= P<0.05 ** = P<O.OI *** = P<O.OOI NS = not significant 
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Table 5.2. The effect of sowing date and nitrogen on yield components of chickpeas in 1993-94 
and its influence on calculated total seed yield (TSY) (from 2.4m2 samples). 
Factors Plants/ Pods/ Seeds/ Mean seed TSY 
m2 plant pod wt (mg) g/m2 
Sowing date 
July (1) 6 130 1.07 199 159 
August (A) 13 73 0.99 189 162 
September (S) 15 78 1.09 236- 294 
October (0) 16 82 1.02 227 298 
November (N) 22 67 1.06 210 321 
Significance *** ** NS ** *** 
SEM 0.7 10.9 0.03 0.9 19.2 
Orthogonal Contrast 
J+A vs S+O+N *** ** NS *** *** 
J vs A+S+O+N *** *** 
ANOVA with 
plants/m2 as 
a covariate * NS ** NS 
Nitrogen I 
"'-0 14 7] \~'I.~ 1.03 210 227 \ \ ('/1. 
90 14 92 1.06 215 267 ) 
Significance NS NS NS NS * 
SEM 0.52 6.9 0.02 0.5 12.1 
Significant NIL NIL NIL NIL NIL 
interaction 
CV% 16.3 36.1 7.8 11.4 22.0 
* :::% P<0.05 ** = P<O.OI *** = P<O.OOI NS = not significant 
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Table 5.3. The effect of shade and moisture on yield components of chickpeas in 1994-95 and 
its influence on calculated total seed yield (TSY) (from 0.lm2 samples). 
Factors Plants/ Pods/ Seeds/ Mean seed TSY 
m2 plant pod wt (mg) g/m2 
Shade (S) 
Shaded 31 33 0.97 207 158 
Unshaded 29 51 1.07 279 330 
Significance NS * * ** ** 
SEM 1.9 3.0 0.03 10.0 24.1 
Moisture (M) 
Irrigated 30 52 0.94 207 237 
Unirrigated 31 32 1.10 278 252 
Significance NS ** ** ** NS 
SEM 1.9 3.0 0.03 10.0 24.1 
Significant NIL S xM* S xM* NIL NIL 
interaction 
CV% 19.9 22.8 8.3 13.3 31.0 
* = P<0.05 ** = P<O.OI *** = P<O.OOI NS = not significant 
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Table 5.4. Interaction between shade and moisture on yield components of chickpeas in 1994-95 
and their influence on calculated total seed yield (TSY) (from 6. 1m2 samples). 
Factors PI ants/ Pods/ Seeds/ Mean seed TSY 
m2 plant pod wt (mg) g/m2 
Un shaded Unirrigated 29 33 1.07 318 318 
Un shaded Irrigated 29 69 1.05 239 343 
Shaded Unirrigated 32 30 1.10 238 186 
Shaded Irrigated 29 35 0.80 175 131 
Significance NS ** ** NS NS 
SEM 2.7 4.2 0.04 20.0 34.0 
CV% 19.9 22.8 8.3 13.3 31.0 
* = P<0.05 ** = P<O.OI *** = P<O.OOI NS = not significant 
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Table 5.5. Correlations among yield components and calculated total seed yield (TSY) of 
chickpeas in the 1993-94 and 1994-95 growing seasons. 
Pods/plant. Se~ds/pod Mean seed 
-
TSY 
weight 
1993-94 
. Plants/m2 -0.670·*· 0.089 0.227 0.597*** 
Pods/plant 0.039 0.010 -0.137 
Seeds/pod 0.408** 0.465** 
Mean seed 0.772**· 
weight 
1994-95 
Plants/m2 -0.005 0.335 -0.174 0.328 
Pods/plant 0.051 -0.080 0.781*·· 
Seeds/pod 0.617** 0.549·· 
Mean seed 0.371 
weight 
* = P<0.05 ** = P<O.Ol *** = P<O.OOl 
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Yield component development 
Plant structure 
Primary branches formed acropetally starting at the base of the main stem while secondary 
branches formed basipetally starting from below the first reproductive node on the primary 
branch. On average over all seasons the main stem, primary and secondary branches accounted 
for approximately 10 %, 20-30 % and 60-70 % of the total number of branches per plant 
respectively. 
In 1993-94 the September sown plants had the highest number of reproductive nodes (245) per 
plant while the November sown plants (141) had slightly more than half that number. These 
reproductive nodes represented 78 % of the total nodes per plant in the September sown plants, 
but only 69 % in November sown plants. Nitrogen had little effect on this proportion in either 
September or November. In 1994-95 irrigated plants had almost twice (131) the number of 
reproductive nodes compared With un irrigated plants irrespective of shade. Unshaded unirrigated 
(64) and shaded unirrigated (67) plants had 53 % and 59 % reproductive nodes respectively, 
while unshaded irrigated (132) and shaded irrigated (129) plants had 67 % and 72 % 
reproductive nodes respectively. 
Development of branching 
In 1993-94 September sown plants averaged 19 branches per plant while November sown plants 
had 16. Application of nitrogen did not increase the total number of branches per plant in 
September or November sown plants. In 1994-95 shaded plants averaged 4 branches less per 
plant (10) than unshaded plants (14). Irrigation increased the number of branches per plant from 
12 to 15 under unshaded conditions, while under shade there were 10 branches per plant in both 
irrigated and unirrigated plants. 
Over the linear period of branch development, the WMBAR in September and November sown 
plants (1993-94) was 0.89 and 1.12 branches per day respectively (Fig. 5.2). In 1994-95 (sown 
in October), linear regressions of the linear period of branch development showed that the 
unshaded un irrigated (r = 0.991) and unshaded irrigated (r = 0.984) plants grew branches during 
the linear phase at about 0.56 branches per day, while the shaded unirrigated (r = 0.993) and 
shaded irrigated (r = 0.931) plants grew branches at 0.28 and 0.31 branches per day respectively 
(Fig. 5.3). On average the September and November sown plants reached maximum branching 
in 81 and 60 days after emergence (DAB) respectively. The unshaded unirrigated, unshaded 
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- irrigated, shaded unirrigated and shaded irrigated plants reached maximum branching in 69, 69, 
78 and 69 DAB respectively. Over all three sowing dates, the average thermal time required for 
maximum branching was 717 DC days above a base temperature of 4 DC. There was a 17 % 
difference between the lowest and highest thermal units calculated. 
Pod set 
The reproductive nodes on plants either produced mature pods (filled or empty) at final harvest 
or aborted reproductive structures during the growing season. In the September sown plants of 
1993-94, there were 73 (30 %) filled mature pods from 245 reproductive nodes per plant (Fig. 
5.4). The proportion of filled pods almost doubled (56 %) in November sown plants, which 
produced 79 filled mature pods from 141 reproductive nodes. Nitrogen decreased the number 
of filled mature pods by 9 and 6 pods per plant in the September and November sown plants 
respectively, but it did not decrease the proportion of filled mature pods produced per plant. 
The rate of increase in pod set over the season was monitored in the September and November 
sown plants and November sown plants treated with 90 kg N/ha (Fig. 5.5a). September sown 
plants set about 2.2 pods per plant per day during the exponential phase of pod formation, while 
November sown plants set about 2.7 pods per plant per day (Fig. 5.5a). The period of linear 
increase in pod set for the September and November sowings was the same at 30 days. With 
nitrogen November sown plants set just under 2.5 pods per plant per day. 
In 1994-95, shaded irrigated plants filled only 36 pods on 129 reproductive nodes, which was 
28 % of the total number of reproductive nodes formed per plant (Fig. 5.4). In un shaded 
unirrigated, unshaded irrigated and shaded unirrigated plants the proportion of filled mature pods 
from total reproductive nodes was 59 %, 52 % and 49 % respectively (Fig. 5.4). Shaded 
irrigated plants had 15 % (19 pods) empty mature pods per plant while in the other three 
treatments empty mature pods ranged from 8 to 11 % (5-15 pods). The rate of pod formation 
is shown in Fig. 5.5b. The unshaded unirrigated and unshaded irrigated plants had almost the 
same rate of pod set at 1.7 and 1.6 pods per plant per day. Shaded unirrigated and shaded 
irrigated plants set at 1.1 and 0.9 pods per plant per day respectively. The period of exponential 
pod set was prolonged with irrigation and shade by about 22 and 14 days respectively to 44 and 
36 days. 
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1993-94 
September 0 kg N/ha (245*) 
November 0 kg N/ha (141 *) 
_ Filled mature pods 
D Empty mature pods 
~ Total abortion 
1994-95 
Unshaded Unirrigated (64*) 
* Shaded Unirrigated (67 ) 
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September 90 kg N/ha (172*) 
November 90 kg N/ha (118*) 
* Unshaded Irrigated (132 ) 
Shaded Irrigated (129*) 
Fig. 5.4. The effect of sowing date and nitrogen in 1993-94 and different combinations of 
shade and irrigation in 1994-95 on filled mature pods, empty mature pods and total 
abortion (abortion of flower buds, flowers and pods) per plant, expressed as a 
percentage of the total number of reproductive nodes per plant. 
* = Total reproductive nodes per plant. 
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Rate of pod set per plant for (a) (0) September 0 kg Nlha, (A) November 0 kg Nlha and 
( ... ) November 90 kg Nlha plants in the 1993-94 growing season, (b) (e) unshaded unirrigated, 
(0) unshaded irrigated, ( ... ) shaded unirrigated and (A) shaded irrigated plants in the 1994-95 growing 
season. Linear regressions were calculated on the linear phase of pod set. 
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-- Seed set 
Seed number: The highest number of seeds per plant (105) in 1993-94 was obtained from 
-
September sown plants (Appendix 7). Secondary branches carried the highest number of seeds 
per plant. Seed distribution on the main stem, primary and secondary branches for September 
sown plants was about 10, 20 and 70 % respectively. In November sown plants the distribution 
was about 10, 30 and 60 %. Nitrogen had no effect on the total number of seeds per plant in 
September sown plants. However, in November sown plants, nitrogen reduced total seed number 
by 9 seeds per plant (Appendix 7). 
In 1994-95 the highest number of seeds per plant (84) was produced by unshaded irrigated plants 
(Appendix 8). This was nearly twice the lowest number (44) obtained from shaded unirrigated 
(control) plants. Irrigation increased seed number, however, in combin~tion with shade it 
dropped production by 34 seeds per plant. Unshaded irrigated plants produced more than 50 % 
of their total seed number on secondary branches. In the other three treatments the number of 
seeds on secondary branches was 34 to 46 % of the total and was similar to the number borne 
on primary branches. 
On average the distribution of seed numbers over the bottom, middle and top thirds of all branch 
groups corresponded to the distribution of seed yield (Fig. 5.6). 
Seed yield: Total seed yield per plant in 1993-94 was highest (29 g) in September sown plants 
(Appendix 7). The November sown plants produced seed 3 g less per plant than September sown 
plants. In September sowing secondary branches accounted for 69 % of total seed yield per plant 
and the main stem for only about 7 %. In the November sown plants the amounts were 62 % 
and 12 % from secondary branches and main stem respectively. Nitrogen had no effect on total 
seed yield per plant (Appendix 7). 
In 1994-95 unshaded irrigated plants had the highest seed yield (22 g) per plant and shaded 
irrigated plants had the lowest (10 g). Shaded un irrigated and shaded irrigated plants produced 
only 2 g and 4 g less seed per plant compared with control plants. However, their seed yield was 
only about half that of the highest seed yield per plant. Shade had no apparent influence on 
which branch groups produced the most seed yield. Irrigated plants produced about 50 % of their 
seed yield on secondary branches and about 30 % on primary branches. Unirrigated plants 
produced approximately 42 % of their seed yield on primary branches and more than 30 % on 
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__ their secondary branches. 
In September sown plants (1993-94) the main stems produced no seed yield on the bottom third 
of the branch (Appendix 9). The top and middle thirds produced 50 % of the seed yield (g/plant) 
each. The primary and secondary branches in the September sowing had 65 to 70 % of the seed 
yield on the middle third of the branch and the top thirds had only 14 to 20 %. The bottom third 
had only about 15 % of the seed yield. on both primary and secondary branches. In November 
sowing, the main stem had its seed weight equally distributed over the bottom, middle and top 
thirds of the branch. Primary branches had 43 % of seed yield on the bottom and middle thirds 
of the branch each and secondary branches had 56 % and 31 % respectively. 
Irrigation had no apparent effect on the distribution of seed yield on branche~. Unshaded plants 
had approximately 50-60 %, 40 % and 10-15 % of their seed yield distributed on the bottom, 
middle and top third respectiv¥ly.in all branch types. On shaded plants 50 to 75 % of seed yield 
was located on the bottom third of all branches, while the top thirds of branches produced almost 
no yield at all. 
The heaviest seeds (average weight 317 mg/seed) on early spring sown plants were located on 
the middle third of the branches, followed by the bottom third (average weight 286 mg/seed). 
The top third had the smallest seeds (average weight 194 mg/seed). However there were more 
seeds produced on the middle and top thirds of the branches, which corresponded to the location 
of seed yield (Fig. 5.6a,b). In the later sown plants the heaviest seeds were located on the 
bottom third (average weight 325 mg/seed). The average seed weight on the middle and top 
thirds were 270 mg and 186 mg per seed respectively. 
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Abortion 
Rate and extent of abortion: In September sown plants in 1993-94 total abortion (159 abortions 
per plant) as a proportion of the total number of reproductive nodes per plant was 65 % 
(Fig. 5.4). In November sown plants only 34 % (48) of the reproductive structures per plant 
aborted. Nitrogen reduced abortion of reproductive structures by 10 % and 4 % in September 
and November sown plants respectively. The rate of increase in abortion was monitored over 
the season for September and November sown plants and November sown plants with 90 kg N/ha 
(Fig. 5.7a). September and November sown plants aborted about 2.6 and 1.1 pods per plant per 
day respectively. Nitrogen had no effect on the rate of total abortion. 
In 1994-95 the unshaded unirrigated, unshaded irrigated and shaded unirrigated plants aborted 
33 %, 37 % and 40 % (21,49 and 27 abortions per plant respectively) of th~ total reproductive 
nodes per plant respectively (Fig. 5.4). The highest total abortion of reproductive structures (74) 
was on shaded irrigated plants ,at 57 % of total reproductive nodes per plant. The rate of 
abortion on unshaded unirrigated, un shaded irrigated and shaded unirrigated plants was 0.7, 0.8 
and 0.6 abortions per plant per day respectively (Fig. 5.7b). The highest daily rate of abortion 
per plant at 1.1 was on shaded irrigated plants. 
Distribution of abortion: The general trend observed was that maximum abortion of reproductive 
structures occurred on secondary branches followed by primary branches and then the main stem. 
In the 1993-94 season for both sowing dates the secondary and primary branches and main stem 
accounted for about 64 %, 25 % and 11 % of the total abortion per plant respectively 
(Appendix 13). In September sown plants maximum abortion (up to 53 %) on the main stem, 
primary and secondary branches occurred on the bottom third of branches (Appendix 15). 
Abortion on the middle and top third was comparable. In contrast in the November sown plants 
the maximum abortion (up to 50 %) occurred on the top third of all branch groups. Nitrogen did 
not affect the distribution of abortion on the branches. 
In 1994-95 neither shade nor irrigation affected the distribution of abortion over the whole plant. 
On average 10 %, 28 % and 62 % of total abortion occurred on the main stern, primary and 
secondary branches respectively for all treatments (Appendix 14). Maximum abortion (up to 
100 %) occurred on the top third of main stems, primary and secondary. branches in all 
treatments (Appendix 16). But in the shaded irrigated plants the proportion of abortion on the 
bottom and middle third of the branches together amounted to about 50 %. 
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- Stages of abortion: In September sown plants 14 %, 59 %, 23 % and 4 % of the abortion per 
plant was of flower buds, flowers, green pods and expanded pods respectively. No mature pods 
aborted (Appendix 13). In November sown plants abortion from flowers and green pods was 
nearly the same at 33 % and 35 % respectively. Abortion from flower buds, expanded pods and 
mature pods was 19 %, 10 % and 3 % respectively. With the application of nitrogen, in the 
November sowing, the proportion of abortion of flower buds and green pods increased to 36 % 
and 42 % respectively. 
In 1994-95 in all treatments, except the shaded irrigated plants, approximately 30 % of total 
abortion occurred from flowers and about 50 % or more from green pods (Appendix 14). In 
shaded irrigated plants flower and green pod abortion accounted for 38 % each of total abortion 
per plant. Only irrigated plants had about 6 to 8 % abortion of expanded pods. There was no 
abortion of mature pods in 1994-95 in any treatment. 
Causes of abortion: Abortion within treatments did not show any significant relationship with 
different weather parameters. The ~ in all cases was less than 0.36. Process charts (using the 
Process Control Chart Technique) of the average number of abortions per day were created in 
an attempt to identify points of abortion per plant within the season that were uncharacteristic 
of the abortion data recorded for that treatment (Appendix 17-23). Abortion at 113 and 132 days 
after sowing (DAS) in the shaded unirrigated and shaded irrigated plants were more than would 
be expected, but this was about 5-7 days before the crop attained maturity. Another 
uncharacteristic point was at 109 DAS in September sown plants. However, overall there was 
no suggestion that abortion per plant per day for all treatments in 1993-94 and 1994-95 was 
inconsistent with the expected (from recorded data) abortion. 
A regression calculation to check the relationship between total water received and abortion per 
plant for each treatment showed a positive relationship with an r of 0.712 (Fig. 5.8). In 1993-94 
the September and November sown plants received a total of 229 and 92 mm of rainfall from 
first flower to physiological maturity. In 1994-95 unshaded unirrigated and shaded unirrigated 
pl~nts received a total of 9.3 mm of rainfall each from first flower to physiological maturity. 
While unshaded irrigated and shaded irrigated plants received 28.4 and 31.8 mm of rain 
respectively plus 108 mm of irrigation each from first flower to physiological maturity. 
Fig. 5.7. 
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The rate of abortion of reproductive structures per plant over the whole season for the (a) 
(0) September 0 kg N/ha, (6) November 0 kg N/ha and ( ... ) November 90 kg N/ha plants, in the 
1993-94 growing season, (b) (e) unshaded unirrigated, (0) unshaded irrigated, ( ... ) shaded unirrigated 
and (6) shaded irrigated plants, in the 1994-95 growing season. Linear regressions were calculated 
on the linear phase of abortion. 
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Fig. 5.8. The relationship between the rate of abortion and total moisture (rainfall plus 
irrigation) received from first flower to physiological maturity for the 1993-94 and 
1994-95 growing seasons. 
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DISCUSSION 
Yield components 
Plant population 
Published results of plant density studies in chickpeas suggest that a plant population of 33 
plants/m2 is optimal for seed production (Saxena 1980b; Hernandez and Hill, 1983). Plant 
populations were generally a bit lower than this in this study, and the main factor causing 
variability in plant population was sowing date. The long, cold and very dry winter during the 
1993-94 growing season produced less than optimal plant populations due to poor germination 
and plant deaths. This was significantly (P<O.OOl) pronounced in the July and August sown 
crop, almost halving TSY compared with the September, October and November sowings. 
Above optimum plant populations in grain legumes are reported to decr~ase seed yield by 
reducing the number of branches and hence pods per plant (Hernandez, 1986; McKenzie et al., 
1994). Seed yield obtained fromAO plants/m2 in the 1992-93 spring sown crop (Table 5.1) was 
comparable to the spring sown crop seed yields obtained from 15 to 22 plants/m2 in 1993-94 
(Table 5.2) and the October sown control plants in 1994-95 at 29 plants/m2 (Table 5.4). 
The lower number of pods/plant in 1992-93 (Table 5.1) was compensated for by the higher plant 
population. With less than optimum plant population seed yield was compensated for by larger 
plants with a higher number of primary and secondary branches per plant and therefore more 
reproductive sites and pods per plant. However, as seen in winter sown plants in 1993-94 plant 
populations below 15 plants/m2 were not able to compensate for seed yield even though 
individual plants produced up to 130 pods per plant. Plant populations of 15 to 40 plants/m2 in 
spring sowing over the three seasons yielded the equivalent of more than 3 tlha of seed which 
is about 0.5 tlha more than the yield reported by Hernandez (1986) for populations of 33 to 64 
plants/m2 in the same environment. 
Branching 
In 1993-94 increasing temperatures and day length experienced by the November sown crop 
re~uced the duration of branch development by 21 days. This however, increased the rate of 
branch development during its exponential phase by 26 % compared to the September sowing 
(Fig. 5.2). An increased rate of branch development with increasing temperatures was also 
observed by Leong and Ong (1983) in groundnut (Arachis hypogaea L.). However, Tremmel and 
Patterson (1994) have observed that the effect of temperature on branch development rates can 
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_ vary among species. A longer branching duration in the September sowing gave 3 more branches 
per plant than in the November sowing. However, a longer branching duration does not 
necessarily have to result in increased branch production. November sown plants in 1993-94 
were able to produce an average of 16 branches/plant in 60 DAE, while the October sown 
(control) plants in 1994-95 attained only 12 branches/plant in 69 DAE. This may be because the 
October sown control plants in 1994-95 had an exponential branching rate of only 
0.56 branches/day compared with 1.12 branches/day in the 1993-94 November sowing (Figs. 5.2, 
5.3). Therefore the number of branches per plant depends on both the rate and duration of 
branch development. A 48 % reduction in the rate of branching due to shade (Fig. 5.3) shows 
that. the availability of photosynthate can influence the rate of branch development. Irrigated 
plants had the same rate of branch development as the control plants in 1994-95, but the 
increased number of branches/plant was due to a longer duration of the e~ponential phase of 
branch development. Thermal times calculated for maximum branching suggest that the number 
of branches produced may also be influenced by the accumulation of thermal time. A strong 
correlation between accumulated thermal time and number of branches has also been observed 
in groundnut (Leong and Ong, 1983). 
Number of pods per plant 
The highly significant effect of sowing date on the number of pods/plant during the 1993-94 
growing season and the lack of effect in 1992-93 was because the plant popUlation was stable 
at all sowing dates in the earlier season. However, in 1993-94 due to the poor germination and 
plant deaths, plant population ranged from 6 plants/m2 in July sowing to 22 plants/m2 in 
November sowing. The lower plant popUlations, especially in the July sown crop, almost 
doubled the pods/plant compared with the later sowings. Lower plant populations allow for 
larger plants which produce more primary and secondary branches (Hernandez and Hill, 1983), 
which therefore have more reproductive sites (Bahl, 1980; Goldsworthy, 1984). But sowing date 
also had a significant effect (P<0.05) on pods/plant independent of the influence of plant 
population (Table 5.2). Since the number of pods/plant is dependent on the number of 
reproductive sites produced per plant, it is possible that the indeterminate nature of chickpeas in 
combination with the longer crop duration experienced by the July sown plants resulted in larger 
plants which increased the number of reproductive sites and hence pods/plant (Saxena, 1981). 
In 1994-95 irrigation doubled the number of pods/plant because irrigated plants were larger and 
had more reproductive sites (Appendix 4). In North Eastern India, Shaktawat and Sharma (1986), 
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__ also increased pods/plant by irrigating chickpeas. In Canterbury irrigation has increased pods per 
plant in field beans (Husain et ai., 1988a), lentils (McKenzie, 1987), peas (Zain, 1984) and lupins 
(Herbert, 1977). Irrigated plants also produced more primary and secondary branches which 
increased the number of sites available for pods. Plants that were shaded and the control 
(unshaded unirrigated) plants only carried about half the number of pods/plant compared with 
unshaded irrigated plants (Table 5.4). Control and shaded unirrigated plants were smaller 
compared with unshaded irrigated plants (total dry matter (TDM) per plant was 20 g and 
16 g/plant in un shaded unirrigated and shaded unirrigated plants respectively compared with 
33 g/plant in unshaded irrigated plants) and therefore produced less pods per plant. Shaded 
irrigated plants were as tall as unshaded irrigated plants, but the number of secondary branches 
was nearly halved (Appendix 2) and total abortion was about 50 % higher (Fig. 5.4). This 
caused the low number of pods/plant in shaded irrigated plants. 
In 1992-93 a significant incr(!ase (27 %) in the number of pods/plant with up to 90 kg Nlha 
corresponds with the report of McKenzie and Hill (1995) who observed a similar increase with 
50 kg Nlha. This may be because the number of branches per plant increased (although not 
significantly) by two branches, with 90 kg Nlha and therefore, increased the number of 
reproductive sites. This however, did not significantly increase TSY and may have been due to 
a 15 % reduction in mean seed weight after nitrogen application (Table 5.1). In 1993-94, the 
increase (16 %) in the number of pods/plant with 90 kg Nlha was not significant. However, this 
increase may have been sufficient to significantly increase TSY (Table 5.2). In 1992-93 
inoculation significantly increased TSY by increasing the number of pods per plant by about 
31 %. However, this significant increase in seed yield was not observed at final harvest in data 
collected from 2 m2 samples, where the yield increase was only 12 %. This is probably because 
the extrapolation to seed yield per unit area from 5 plants/m2 into g/m2 over estimated the effect 
of inoculation on seed yield. 
Number of seeds per pod 
The number of seeds per pod was significantly increased in spring (September) sown plants of 
1992-93 compared with the winter (July) sown plants. This can be attributed to an over 
investment of dry matter into stems and leaves, and the slightly higher number of pods per plant 
in the early sown plants. This is supported by the fact that irrigation in 1994-95 led to the 
highest TDM yield (Fig. 4.2c) and number of pods per plant (Table 5.4) for that season, yet 
decreased the number of seeds per pod (Table 5.3). The resulting competition between 
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__ reproductive and vegetative structures for assimilate supply may have been enough to cause seed 
abortion (Goldsworthy, 1984). July sown control plants, monitored in 1992-93, had on average 
30 % empty pods per plant as a proportion of total mature pods. However, comparing the 
proportion of empty pods per plant in the September (early sowing) and November (late sowing) 
sown plants of 1993-94 does not give any evidence to support this hypothesis. The result of 
reduced light intensity in 1994-95 suggests that vegetative demand for assimilates not only 
increases abortion of reproductive structures (Fig. 5.4) but also decreases the number of seeds 
per pods (Table 5.3). In 1993-94, there was no significant effect of sowing date on the number 
of seeds per pod. The reasons for this are not clear but the result corresponds with that of 
Hernandez (1986) for chickpeas in the Canterbury region. 
Frequently a significant variation in the number of seeds/pod is caused py seeds failing to 
develop after pod set (Goldsworthy, 1984). The significant reduction in the number of seeds 
per pod in shaded irrigated plants (Table 5.4) could have been caused by increased vegetative 
growth stimulated by the irrigation (Saraf et ai., 1990). There would then be competition 
between the reproductive and vegetative structures for limited photosynthetic assimilates produced 
under shade (Saxena and Sheldrake, 1980). 
Mean seed weight 
Mean seed weight has been shown to have both negative (Singh and Auckland, 1975) and 
positive (Pandya and Pandey, 1980) correlations with TSY. However, it is still considered the 
most stable yield component in grain legumes (Eshel, 1967; Littleton et al., 1979; Saxena, 1980a; 
Saxena and Sheldrake, 1980). In 1992-93 mean seed weight decreased with applied nitrogen, 
suggesting that nitrogen increased vegetative growth (90 kg N/ha increased TDM by 12 %, 
Table 3.2). This increased sink sites competing with seed development for assimilate supply. 
Egli (1994) has reported that mean seed weight is influenced by the availability of assimilate. 
The reduced mean seed weight in winter sowing compared with spring sowing in 1993-94 may 
be also be attributed mainly to competition for assimilates between vegetative growth and 
reproductive structures, because the combination of low plant population (Table 5.2) and a longer 
crop duration resulted in larger plants in winter (TDM per plant in July and August sowing was 
109 and 65 g/plant respectively. While in September to November it ranged from 55 to 
34 g/plant). The low HI in the winter sown plants (Table 3.3) is an indica.tor of the strong 
competition for assimilate from vegetative sink in winter sowing. An inefficient distribution of 
dry matter and therefore smaller seeds in winter compared with spring sowing in chickpeas has 
116 
_also been observed by Siddique and Sedgley (1986) and Zaiter and Barakat (1995). 
Shade decreased mean seed weight (by 26 %) by reducing intercepted photosynthetically active 
radiation (PAR) (Table 4.3) and hence assimilates available for seed filling. Irrigation also 
reduced mean seed weight by about the same amount. A higher TDM production with irrigation 
increased vegetative demand for assimilates and increased maintenance respiratory demand 
resulting in smaller seeds (Husain, 1984; McKenzie, 1987). Although there was no significant 
interaction between shade and irrigation on mean seed weight, shaded irrigated plants had a mean 
seed weight which was 45 % lower than the control. This suggests that the limited assimilates 
produced under shade that should have gone to seed development were being diverted to maintain 
the extra vegetative growth promoted by irrigation. 
Correlation between yield and yield components 
In 1993-94 seed yield was highly correlated with mean seed weight and plants/m2. But the effect 
of sowing date on TSY was mainly due to the effect of plant population (Table 5.2). The 
significantly higher (P<O.OOI) plant population in spring sowing accounted for the higher TSY 
in the spring sown crop compared with the winter sown crop. However, in 1994-95 it was the 
combination of the number of pods per plant and the number of seeds per pod (which were 
highly correlated with seed yield) that produced the differences in TSY. Singh and Auckland 
(1975), Hernandez and Hill (1983), Penaloza (1984) and Hardwick (1988) have all shown that 
in chickpeas, seed yield is determined by the number of pods/plant rather than by seeds/pod or 
mean seed weight. In 1994-95 plant population was stable over all treatments (Table 5.3) and 
there was thus no significant correlation between plants/m2 and TSY. 
Pod and seed development 
The rate of pod set in November sown plants in 1993-94 was about 23 % faster than that of 
September sown plants (Fig. 5.5a). This was because the rate of total abortion in September 
sown plants was about 1.5 times higher than in the November sown plants (Fig. 5.7a). As a 
result the seed yield from November sown plants was nearly the same as that in September sown 
plants (Table 3.3, Appendix 7). Although November sown plants had a TDM accumulation that 
was 8 % less than that of September sown plants, they had a 19 % higher harvest index (ll) 
(Table 3.3). This indicates that a higher proportion of photosynthate product~on in November 
sown plants was utilised for seed development. The investment of metabolites in maintaining 
the higher vegetative growth of the September sown plants could also have contributed to the 
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__ slower rate of pod set and the lower ill in these plants. Zaiter and Barakat (1995) reported 
similar findings, where the proportion of total pod set and pod retention was higher in spring 
sowing due to a higher proportion of flower and pod abortion in winter sowing. 
In 1994-95 irrigation had no effect on the rate of pod set. Both irrigated and unirrigated plants 
set pods at the same rate (Fig. 5.5b). The only difference was that irrigated plants (un shaded 
irrigated) continued to set pods well after unirrigated plants (unshaded unirrigated controls) had 
reached physiological maturity. This is because irrigation provided ideal conditions to prolong 
crop duration. Hence the un shaded irrigated plants were able to produce 79 % (30) more filled 
mature pods per plant compared with unshaded unirrigated plants (Appendix 6). The unshaded 
irrigated plants achieved the critical leaf area index (LA!) of 3 faster, allowing maximum 
interception of PAR and leading to the highest TDM production achieved i!l that season. This 
in combination with a HI of close to 50 % allowed the unshaded irrigated plants to achieve a 
seed yield that was almost double the seed yield per plant in the other treatments (Appendix 8). 
Reduced light interception almost halved the rate of pod set (Fig. 5.5b). It decreased seed yield 
in shaded unirrigated and shaded irrigated plants by 14 % and 29 % respectively compared with 
control (unshaded unirrigated) plants. This might be attributed to a lack of photosynthate 
available to pod and seed development under shade (Table 4.3, 4.1). The LA! of shaded 
unirrigated plants was 28 % less than that of control plants (Fig. 4.4) and this gave a 19 % 
decrease in TDM (Fig. 4.2c) production. Abortion of reproductive structures is unlikely to have 
significantly affected the rate of pod set in shaded unirrigated plants because the rate of abortion 
in this treatment was the lowest in 1994-95 trial (Fig. 5.7b). However, in shaded irrigated plants 
the high rate (highest for 1994-95) of abortion contributed to this treatment having the lowest rate 
of pod set. Although shaded irrigated plants had the highest LA! (12 % more than the unshaded 
irrigated plants) (Fig. 4.4) it gave a TDM production that was about 36 % less (Fig. 4.2c). This 
coupled with the low HI of 0.25 (Fig. 4.2d) in the shaded irrigated plants gave 55 % less seed 
yield per plant compared with unshaded irrigated plants (Appendix 8). 
Position of yield 
In both early and late spring sowings in 1993-94, most of the seed yield per plant was produced 
on secondary branches. This was mainly because there were more secondary bfanches per plant. 
In 1994-95 unshaded irrigated plants also produced most of its seed yield on secondary branches. 
The proportion of seed yield produced on each branch group depended on the number of 
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~branches produced per branch group. When plants were water stressed (like in the 1994-95 
season which was extremely dry and received 173 mm and 237 mm less rainfall than the 50 year 
average and the 1993-94 season respectively) or limited by low assimilate supply (due to reduced 
light intensity), the number of secondary branches was slightly lower, reducing the proportion 
of the seed yield borne on secondary branches. Hence, the proportion of the yield on the primary 
branches and the main stem was increased. 
In September sown plants maximum seed yield was found on the middle and top third of all 
branches (Fig. 5.6b). While in November sown plants it was on the bottom and middle third of 
the branches. Zaiter and Barakat (1995) also observed that with early sowing (winter) seed 
production was maximum on the middle third and with later sowing (spring) on the bottom third, 
but no reason was attributed. Thisstudy shows that it was mainly because i!l early sown plants 
total abortion was highest on the bottom third of branches and in later sown plants it was highest 
on the top third (Appendix 15) .. September sown plants received 122 mm more rain than the 
November sown plants from the commencement of flowering to green pod stage. This higher 
rainfall during the early reproductive stage may have caused the high abortion on the lower third 
of the branches. Cloudy weather associated with this rainfall would have decreased intercepted 
PAR (Hay and Walker, 1989) and hence assimilate production, and this may have contributed 
to the high abortion associated with the high rainfall experienced by September sown plants. 
High humidity due to rain may also have caused reproductive structures to abort as observed by 
Aziz et al. (1960) in chickpea and Stewart et al. (1980) in cowpea. Low temperatures 
experienced early in the season could also have been a contributing factor. Assimilates were 
therefore diverted in to seed which was formed on the middle and top third of branches. This 
resulted in the largest seeds being located on the middle third of the branches. November sown 
plants had a higher retention of reproductive structures on the bottom and middle third of the 
branches and since they had a longer period to develop the largest seeds were located on the 
bottom third of branches (Eser et al., 1991). Increasing temperatures and water stress reduced 
reproductive duration of November sown plants by a third and hence reproductive structures on 
the top third of the branches aborted their development. 
Abortion 
Although it was considered likely that abortion is caused by adverse weather conditions, analysis 
of the data did not support this. Relating any increase in abortion within the season to weather 
data was hoped to give an understanding of the cause of abortion. Abortion over the season 
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within each treatment could not be attributed to weather factors. However, when examined as 
total abortion among treatments a positive relationship (r2 = 0.712) was obtained with rainfall and 
irrigation. Therefore, in the 1993-94 season it is probable that the higher total abortion in 
September sown plants compared to November sown plants was because September sown plants 
received 137 mm more moisture during their reproductive period. However, this could also have 
been due to September sown plants having about 100 reproductive nodes more per plant than the 
November plants because of favourable conditions for excessive flowering. Since there are limits 
to environmental studies in the field conditions, a controlled environment experiment may yield 
more information on the specific affect of various climatic conditions on abortion in chickpeas. 
The reduced rate of abortion in the November sown plants (Fig. 5.7a) however, is estimated to 
have decreased potential seed yield loss by 109/plant when compared with the September sown 
plants. 
In 1994-95 increased moisture alone did not increase abortion. The proportion of total abortion 
per plant in unshaded irrigated plants that had received 136 mm of moisture (28 mm rain plus 
108 mm irrigation) was about the same as the abortion in unshaded unirrigated and shaded 
unirrigated plants that only received 9 mm of rain each (Fig. 5.4). In contrast, shaded irrigated 
plants aborted on average 20 % more sites than the other treatments. Compared to unshaded 
irrigated plants, the shaded irrigated plants had about the same number of reproductive nodes per 
plant and received 140 mm of moisture (32 mm rain plus 108 mm irrigation), but again aborted 
20 % more reproductive structures per plant. This shows that the combination of reduced light 
and irrigation considerably increased total abortion, possibly because irrigation increased 
vegetative growth and plant size which competed for the reduced supply of photosynthate 
produced under reduced light. 
CONCLUSIONS 
1. Plant population, pods per plant and mean seed weight were the most important 
components of yield that contributed to increased seed yield in chickpea. 
2. Sowing date had the most significant effect on plant population and yield development. 
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- 3. The number of pods per plant depended on the number of primary and secondary branches 
per plant. These were increased by early spring sowing and irrigation. The secondary 
branches constituted the largest number of branches per plant. 
4. The majority of seed yield in the September sown plants was located on the middle and 
top third of all branch groups. In November sown plants it was on the bottom and middle 
third of the branch groups. 
5. Maximum abortion of reproductive structures occurred in the September (1993-94) sowing 
and in shaded irrigated (1994-95) plants causing a reduction in pod set. High abortion is 
attributed to high rainfall (1993-94) and to the combination of reduced light and irrigation 
(1994-95). Maximum abortion in both seasons was of flowers and g(een pods. 
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CHAPTER 6 
Phenological development of chickpeas (Cicer arietinum) in Canterbury! 
T.I. Verghis, B.A. McKenzie and G.D. Hill 
Plant Science Department 
Lincoln University 
Canterbury, New Zealand 
SUMMARY 
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The phenological development of chickpeas (eicer arietinum L., cv Hernandez) was studied from 
eight sowing dates in 1992-93 (July and September), 1993-94 (July to November) and 1994-95 
(October). Durations of all phases except emergence to flowering (E-F) w~re predicted based 
on thermal time above 4°C. For E-F, photoperiod-c0l'!"ected thermal time with a base 
photoperiod of 10 h was used. The mean accumulated thermal times for the different phases was 
133, 179, 761 and 377°C days for sowing to emergence (S-E), E-F, flowering to mature pod 
(F-MP) and mature pod to harvest maturity (MP-HM) respectively. An accurate prediction of 
time to flowering was made based on an accumulated mean photothermal time requirement of 
179°C from E-F. The relationship between the actual and predicted dates of flowering were 
highly significant (r2 = 0.983). 
'-
INTRODUCTION 
The relationship between the phenological development of a crop and climatic variation is 
complex. However, a quantitative understanding of the response of phenological development 
to environmental factors helps predict the yield of a crop. Crop development is often measured 
in terms of the number of days it takes the crop to reach any development phase. Therefore, 
understanding the environmental and agronomic conditions that determine this duration is 
important to predict crop growth and yield (Khanna-Chopra and Sinha, 1987). The yield 
potential of. chickpeas may be increased by modifying its phenology (Siddique and Sedgley, 
1986), because phenological events are fundamentally important in relation to the capture of 
A version of this paper has been submitted to the New Zealand Journal of Crop and 
Horticultural Science 
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_ environmental resources by crops, especially solar radiation, water and nutrients 
(Summerfield et ai., 1994). In mechanised systems, being able to predict the onset of each 
phenological stage can also be very useful. The phenological stages of chickpea growth may be 
broadly classified as emergence, flowering, fruit set and physiological maturity. Being 
indeterminate the last three stages occur simultaneously in different parts of the plant along with 
vegetative growth (Summerfield and Wien, 1980; Saxena, 1984). 
The most important factors affecting crop development are generally temperature, photoperiod 
and moisture. From sowing to emergence it is temperature (Singh and Dhaliwal, 1972; Siddique 
and Sedgley, 1986), moisture (Saxena, 1990) and depth of sowing (Saxena, 1987) that mainly 
control duration. Mter emergence, temperature and .photoperiod (Sandhu and Hodges, 1971; 
Summerfield et ai., 1980, 1984) coupled with the availability of soil moistu.re (Khanna-Chopra 
and Sinha, 1987; Piara Singh, 1991) control the rate of progress towards any phenological stage. 
In chickpeas, flowering is considered the critical stage, because environmental conditions that 
prevail at flowering and the duration of the reproductive phase determines to a large extent 
percentage of fruit set and final yield (Savithri et ai., 1980; Saxena, 1984). Therefore, being able 
to predict the time of flowering may be more important than any of the other phenological stages. 
Considerable work has been done on the photothermal responses of chickpeas to predict time to 
flowering (Summerfield and Roberts, 1988; Summerfield et ai., 1991, 1992; Ellis et ai., 1994). 
However, because we are dealing with environmental conditions, the basic principles of 
prediction have to be dealt with specifically for each region. A comprehensive study of crop 
development has been done on lentils (McKenzie and Hill, 1989) and field beans (Husain et ai., 
1988b) in the Canterbury region. So far no work has been done to quantify the phenological 
development of chickpeas in New Zealand. Hence, three experiments were conducted from 
1992-95 to monitor and help predict the phenological development of chickpeas in Canterbury. 
MATERIALS AND METHODS 
The general materials and methods used in the two experiments conducted during 1992-94 have 
been described in detail in Chapter 3, while those for 1994-95 are in Chapter 4. However 
materials and methods specific to the objectives of this paper are as follows. 
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Phenological development of the crop was monitored at two to three daily intervals for all 
seasons from the onset of flowering. The phenological stages recorded were emergence, 
flowering, green pod, expanded pod, mature pod and harvest maturity (refer definition of terms, 
Chapter 5). When 50% of the plants in any plot had at least one flower, then this was designated 
as the flowering stage. This standard was maintained for all stages recorded except harvest 
maturity. Harvest maturity was reached when more than 95% of the plants in the plot had 
completely senesced and turned brown. 
Time taken for the plants to reach the various phenological stages from sowing has been 
expressed in thermal and photothermal units. This was calculated for the eight different sowing 
dates from the 1992-93, 1993-94 and 1994-95 seasons. Temperature and mean photoperiod were 
recorded at the Broadfield meteorological station at Lincoln, Canterbury. T~ermal time, which 
is the integral of temperature over time above a base temperature (T b) was calculated from the 
daily maximum and minimum temperatures. Base temperature was taken to be 4°C. It was 
calculated from a regression line of the development rate of the crop from sowing and emergence 
to flowering (1/days to flowering, Summerfield et al., 1991) by mean temperature over the same 
period for all eight sowing dates (Fig. 6.2). Literature estimates of base temperature for 
chickpeas range from O°C to 8 °C (Summerfield et al., 1980, 1991; Sharma and Sonakiya, 1990; 
Piara Singh, 1991). Thermal time expressed in degree days (Dx) was calculated as follows 
(Iwata, 1975) (Equation 6.1): 
Dx = (Tmin + Tmax) _ Tb 
2 
(Equation 6.1) 
where Tmin = minimum daily air temperature, Tmax = maximum daily air temperature and 
T b = base temperature. 
Temperature corrected for photoperiod (Pz), expressed in photothermal units was calculated by 
the method of Gallagher et al. (1983) (Equation 6.2). 
(Equation 6.2) 
where T = mean temperature of the stage being considered, P = the mean photoperiod over 
the stage being considered, Pb is the base photoperiod and Tb is the base temperature. 
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__ The accumulated temperature corrected for photoperiod (photothermal units) for any phenological 
stage being considered was the sum of Pz for each day of that period. For equation 6.2, Pb (10 h) 
was calculated from a regression line of the development rate of the crop from emergence to 
flowering by mean photoperiod over the same period for all eight sowing dates (Fig. 6.3). 
CLIMATE 
The climate for the two experiments carried out in 1992-94 is presented in Chapter 3, while that 
for 1994-95 is in Chapter 4. However, long term maximum and minimum air temperatures and 
photoperiod for the experimental site are presented in Fig. 6.1. 
RESULTS 
The effect of sowing date on the. time (days) taken to reach the different phenological stages in 
the 1992-93 and 1993-94 growing seasons is presented in Table 6.1. Inoculation and nitrogen 
did not affect the duration of phenological development and so only the effect of sowing date is 
presented. In general, the winter sown crop took about twice as much time as the spring sown 
crop to develop through its different stages. In 1994-95, shaded plants took on average 4 to 
14 days more to reach all phenological stages (Table 6.2). Irrigation had no effect on days from 
sowing to expanded pod stage. However, from sowing to mature pod and harvest maturity, 
irrigated plants took approximately 22 more days. 
Duration in terms of thermal and photothermal time were calculated for four major phenological 
phases: S-E, E-F, F-MP and MP-HM (Table 6.3). Since sowing date was the main influencing 
factor, only the effect of sowing date (1992-93, 1993-94 and 1994-95 growing seasons) is 
presented. The phase S-E required a mean thermal time of 133°C. The two most variable 
phases were F-MP and MP-HM. Thermal times ranged from 582°C (November sowing) to 
879 °C (August sowing) for F-MP and from 198°C (October sowing, 1994-95) to 554°C (August 
sowing) for MP-HM. The mean thermal time requirement for the F-MP and MP-HM phases was 
761°C and 377 °C respectively. The mean photothermal time required for the E-F phase was 
179°C. 
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Development rates 
Mean temperature had a linear effect on rate of development (Figs. 6.2a,b). The significant 
regression showed that the rate of development from sowing to emergence (Fig. 6.2a) was more 
than three times faster in the November sowing compared to the July sowing. The rate of 
development from emergence to flowering (Fig. 6.2b) was on average slower (0.013, at a mean 
temperature of 10 °C) in July sowing than the November sown plants (0.024, at a mean 
temperature of 15°C). Extrapolation of the regression line indicated that base temperatures for 
both phases (S-E and E-F) was approximately 4 0c. 
The base photoperiod (10 h) for the E-F phase was obtained from the significant linear 
relationship (r2 = 0.718) between rate of development and mean photoperiod for that period 
(Fig. 6.3). The rate of development was increased one and a half times in th~ November sowing 
(mean photoperiod 16.5 h) compared to the July sowing (mean photoperiod 14 h). The rate of 
development from E-F and photoperiod':'corrected temperature showed a significant linear 
relationship (r2 = 0.820) (Fig. 6.4). 
As shown in Table 6.3 the phase E-F took approximately 179°C to flower. Using this value as 
a predictor of flowering date proved accurate. Figure 6.5 shows that 98 % of variance was 
explained by a line fitted through actual versus predicted days to flower. 
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Table 6.1. The effect of sowing date on the number of days for 50% of the sampled chickpea 
plants to reach each phenological stage (1992-93 and 1993-94 growing seasons). 
Days. after sowing 
. 
Factor Emergence Flowering Green Expanded Mature Harvest 
pod pod pod maturity 
1992-93 
Season 
Winter sowing 40 139 151 156 215 241 
(3 July) 
Spring sowing 17 72 85 94 137 165 
(30 September) 
1993-94 
Season 
July (9) 58 123 152 174 208 256 
August (9) 42 99 133 148 182 225 
September (14) 27 79 111 118 149 189 
October (8) 19 77 87 97 127 163 
November (10) 19 61 66 75 108 133 
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Table 6.2. The effect of sowing date on the number of days for 50% of the sampled chickpea 
plants (sown on 18 October) to reach each phenological stag~ (1994-95 growing 
season). 
Days after sowing 
Factor Emergence Flowering Green Expanded Mature Harvest 
pod pod pod maturity 
Unshaded 13 53 60 65 104 120 
Unirrigated 
Unshaded 13 53 60 68 124 145 
Irrigated 
Shaded 13 57 63 68 116 130 
Unirrigated 
Shaded 13 57 65 74 139 147 
Irrigated 
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Table 6.3. Thennal time for three physiological growth phases sowing to emergence (S-E), 
flowering to mature pod (F-MP), mature pod to harvest maturity (MP-HM)) 
expressed in °C days and photothennal time for emergence to flowering (E-F) 
expressed in photothennal units, for chickpeas in Canterbury, in the 1992-93, 
1993-94 and 1994-95 growing seasons. Base temperature = 4°C. 
Sowing date S-E E-F F-MP MP-HM 
1992 
3 July 106 171 780 309 
30 September 102 212 697 325 
1993 
9 July 144 136 876 554 
9 August 132 144 879 503 
14 September 180 153 805 457 
8 October 154 202 641 415 
10 November 137 211 582 257 
1994 
18 October 108 207 826 198 
Mean 133 179 761 377 
SEM 9.6 11.2 38.8 44.1 
Fig. 6.2. 
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Relationship between rate of progress from emergence to flowering and mean 
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Fig. 6.4. 
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Relationship between actual and predicted dates of flowering in chickpea over 
three seasons (1992-93, 1993-94 and 1994-95) in Canterbury. 
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DISCUSSION 
Time to flowering 
The increased rate of development towards flowering with increased temperatures as observed 
in this study, has been previously reported in chickpeas (Summerfield et at., 1984; Roberts et at., 
1985) and other grain legumes (Summerfield et at., 1985; Summerfield and Roberts, 1988). This 
suggests that at a fixed photoperiod flowering will occur when a constant number of thermal 
units (day degrees above base temperature) have accumulated after sowing. However, the 
environmental factor that has traditionally been considered to have the most significant effect on 
flowering is photoperiod (Summerfield et at., 1987). Roberts et ai. (1985) have reported that 
base temperature is a function of photoperiod, hence, the longer the photoperiod at any given 
temperature the faster the thermal sum required for flowering is accumulated. Therefore, it is 
recommended that modelling the rate of progress towards flowering in chickpeas be done in 
terms of photothermal responses (Summerfield et ai., 1991; Ellis et ai., 1994) rather than 
temperature or photoperiod .alone. Cultivar difference in sensitivity to temperature and 
photoperiod have also been reported (Summerfield et ai., 1989). 
In this study a significant relationship (r2 = 0.820) between the rate of development from 
emergence to flowering and photoperiod-corrected temperature was observed over three growing 
seasons (1992-93, 1993-94 and 1994-95) (Fig. 6.4). This indicates that, in Canterbury, chickpea 
crop development depends on both temperature and photoperiod. The rate of progress towards 
flowering increased with higher temperatures and longer photoperiods. Hence the July sown 
plants took about twice as long to flower than the November sown plants (Table 6.1). In 
1994-95 shade increased the days to flowering by an average of four days. A similar delay in 
progress towards maturity in chickpeas under 50 % shade was also observed by Sheldrake and 
Saxena (1979b). They ruled out differences in air temperature under shade as a cause because 
the difference in air temperature between shade and no shade was very small. They have 
suggested that it is more likely due to a reduction in the rate of transpiration under shade 
reducing moisture stress and/or reducing the heating of leaves hence decreasing heat stress and 
slowing down development. Although irrigation (1994-95) did not change the days to flowering, 
the unshaded unirrigated and shaded unirrigated plants progressed on through the different stages 
to harvest maturity in 25 and 17 days less respectively (Table 6.2). This indicates that in 
combination with high temperatures and longer photoperiods, conditions of drought also 
contribute to a speeding up of crop development. Crop canopy heats up when under water stress 
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__ and hence it speeds up development. Similar observations have been made by Sheldrake and 
Saxena (1979b) and Sivakumar and Piara Singh (1987) in chickpeas. 
Figure 6.5 shows a highly significant relationship (r2 = 0.983) between the actual dates and 
predicted dates of flowering for different sowing dates over the three growing seasons. This 
prediction is based on an accumulated mean thermal time (Equation 6.2) requirement of 179°C 
(above a base temperature of 4°C) from emergence to flowering. Therefore, an accurate date 
of flowering for chickpea (cv Hernandez) in Canterbury can be predicted. This prediction 
method however, should not be applied to cultivars with a vernalization requirement. There has 
been no data collected from cv Hernandez which suggests the cultivar has a vernalization 
requirement. Summerfield et al. (1989, 1994) have found no evidence to support reports of 
vernalization effect on flowering in chickpeas (Nanda and Chinoy, 1960; -l\ngus and Moncur, 
1980). However, they have recommended a thorough re-evaluation of the responsiveness to 
vernalization in chickpea germplasm. 
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CHAPTER 7 
GENERAL DISCUSSION AND CONCLUSIONS 
7.1 DISCUSSION 
This study reports three years (1992-95) work on the effect of agronomic factors such as sowing 
date, nitrogen application, Rhizobium inoculation, light limitation and irrigation on yield and 
development of yield in chickpeas. The effect of these factors on dry matter production, seed 
yield and HI have been discussed in Chapters 3 and 4. Chapter 5 discusses the effect on yield 
component development with special emphasis on the problem of prem'!ture abscission of 
reproductive structures. The phenological development of the crop is discussed in Chapter 6. 
This section endeavours to tie in. the findings discussed in previous chapters, under three main 
headings: dry matter production, seed yield and crop phenology in the light of other similar or 
related studies. 
7.1.1 Dry matter production 
In 1992-93 sowing date did not affect TDM production. In the following season however, there 
was a significant difference in TDM between July sowing and the August to November sowings 
(Table 3.3). This was mainly due to a significantly lower plant population in the July sowing 
(Table 5.2). 
Although the July sown plants in 1993-94 had the longest crop duration (Table 6.1) they 
produced the lowest TDM (Table 3.3). This does not correspond with other reports showing that 
a longer crop duration often gives increased dry matter accumulation and seed yield (Saxena and 
Sheldrake, 1980; Khanna-Chopra and Sinha, 1987). In the Mediterranean region, retarding 
sowing from the traditional spring to winter (therefore increasing crop duration) increased TDM 
production and seed yield (Saxena, 1980a; Saxena, 1981; Keatinge and Cooper, 1983; Saxena, 
1987; Pala and Mazid, 1992; ICARDA, 1993). The main limiting factor in the Mediterranean 
region is moisture. The crop is mainly dependent on moisture conserved in the soil from winter 
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rains and there is little rain after the end of winter. As a result, when chickpeas are sown in 
winter instead of in spring, the crop benefits from both the longer crop duration and winter rains. 
Therefore, the crop avoids water stress normally experienced by spring sown plants which have 
to rely on soil moisture. The winter rains promote better and earlier canopy closure allowing 
increased interception of PAR over a longer period. This results in plants with a larger 
vegetative frame capable of supporting more reproductive structures and thus increasing their 
productivity. This effect was also observed in the 1994-95 season. Irrigation allowed irrigated 
plants growing in full light to reach full canopy cover sooner with a longer leaf area duration 
than the plants in the other treatments (Fig. 4.4) and this produced the highest TDM (Fig. 4.2c). 
However, the shift to winter sowing of chickpea in the Mediterranean region has only become 
commercially feasible through breeding cultivars with resistance to low temperatures (down 
to -5°C) and to Ascochyta blight (Cubero and Moreno Cubero, 1990; ICARDA, 1993). 
Lower TDM production in July 1993-94 was because the low plant population (Table 5.2) and 
cool air temperatures (Guy, 1994) slowed the development of LAI. This resulted in slow canopy 
closure, reduced interception of PAR and gave low dry matter accumulation (Khanna-Chopra and 
Sinha, 1987). Higher plant populations and comparatively warmer temperatures experienced by 
the August, September and October sowings would have resulted in increased leaf expansion 
rates (Squire, 1990) and faster canopy closure. The result being more intercepted PAR and 
increased dry matter production. Comparing LAIs between chickpea plants sown in May and 
August in Canterbury, McKenzie and Hill (1995) have reported that the May sown plants did not 
achieve full canopy cover (maximum LAI 2.5). However, August sown plants achieved an LAI 
of 3.2, simultaneous with the maximum achieved by the May sowing. In the November sowing 
PAR interception was reduced because of a short crop duration (Table 6.1). This gave a 
comparatively lower TDM production among the later sowings (Table 3.3). Differences in TDM 
accumulation generally were the result of differences in the amount of intercepted radiation 
(Littleton et al., 1979; Hughes et al., 1987) which is governed by both the rate of increase and 
the duration of total leaf area (Gallagher and Biscoe, 1978). 
This study showed that when plant population was not limiting there was no difference in TDM 
production between winter and spring so wings in 1992-93 (Table 3.2) and 1993-94 (Table 3.3). 
In this region water stress was not a limiting factor in spring compared with South Western 
Australia (a Mediterranean climate) (Siddique and Sedgley, 1986) and the Mediterranean region 
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_ (Keatinge and Cooper, 1983), where retarding sowing to winter has resulted in increased dry 
matter production. This reduced water stress could be a major factor contributing to an equally 
high TDM production in spring sown plants. Moisture stress slows leaf area development 
(Keatinge and Cooper, 1983) and in combination with increasing temperatures speeds the crop 
towards senescence, shortening the duration of PAR interception and therefore reducing dry 
matter accumulation. McKenzie and Hill (1995) reported a significant reduction in TDM 
production with spring sowing of chickpeas in Canterbury, in an unusually dry year. The 
1992-93 and 1993-94 seasons received 169 and 270 rnm more total rainfall r~spectively from 
September to March than the season reported by McKenzie and Hill (1995). 
The 1994-95 experiment also showed that TDM production was influenced by the amount of 
intercepted PAR. Lower soil water levels (Piara Singh, 1991) and a slower crop growth rate due 
to low light intensity (Table 4.2) (Saxena, 1984) prevented complete canopy closure in shaded 
unirrigated plants. The resulting low LA! combined with reduced incident PAR under reduced 
light lead to a low total interception of PAR and gave a reduced TDM production. Although the 
unirrigated plants in full light were also subject to a lower soil water supply than irrigated plants, 
light was not limiting. The higher crop growth rate under full light (Table 4.2) allowed a faster 
development of LA! (Fig. 4.4) with complete canopy closure compared with unirrigated plants 
grown under reduced light intensity. In unshaded irrigated and shaded irrigated plants LA! 
reached values 4 and 5 respectively. These values are well above the critical LA! of 3 (Fig. 4.5) 
recorded in the 1994-95 season. However, low intercepted PAR due to reduced incident radiation 
under reduced light decreased TDM production by 36 %, from 838 g/m2 in irrigated plants grown 
in full light to 538 g/m2 in the shaded irrigated plants. Clearly the high LAI in the irrigated 
plants under reduced light was not able to compensate for the decrease in incident PAR. 
In full light, irrigated plants achieved the highest TDM production in 1994-95 (Fig. 4.2c) because 
they intercepted the highest amount of PAR (635 MJ/m2) in that season. Irrigation increased 
PAR interception (Table 4.3) by increasing LA! (Fig. 4.4) (Sheldrake and Saxena, 1979b) and 
leaf area duration. 
Nitrogen application only increased dry matter production when soil available nitrogen was low. 
McKenzie and Hill (1995) also found a positive response to nitrogen application in chickpeas 
when they were grown after a barley crop. Although some workers have reported that chickpeas 
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__ are capable of fixing their own nitrogen requirement (Sundara Rao and Sen, 1969; Mahler et al., 
1988; Raut and Kohire, 1991), Beck et al. (1991) found that chickpeas do not fix adequate 
nitrogen for maximum crop growth even when vigorous nodules are present. McKenzie et al. 
(1992) have reported up to a 45 % increase in LA! of chickpeas with nitrogen application, 
resulting in increased levels of intercepted radiation. Rhizobium inoculation had no effect on 
TDM production. 
7.1.2 Seed yield 
Seed yield over all three growing seasons was consistently high and was equivalent to 
approximately 3 t/ha in the spring sown plants. The highest seed yield, ~bout 3.3 t/ha, was 
produced by November sown plants in 1993-94 and the October sown control (unshaded 
unirrigated) plants in 1994-95. 
In 1992-93 there was no difference in seed yield between winter and spring sowing because 
sowing date did not affect TDM, HI or yield components enough to make a significant impact 
on seed yield. Since, in the 1993-94 season, the difference in seed yield due to sowing date was 
mainly a function of a difference in plant popUlation, it is likely that sowing date did not affect 
seed yield in 1992-93 because plant populations remained approximately the same in both the 
winter and spring sowings. 
The significantly lower seed yield in winter sowing (July and August) compared with spring 
(September, October and November) sowing in 1993-94 (Table 3.3) was mainly due to a low 
plant population in winter sowings (Table 3.3, 5.2) caused by poor germination and plant deaths. 
The low plant population in winter gave large plants with more branches (Mohapatra et ai., 1995) 
increasing internal competition between vegetative and reproductive sites, which caused a 
significantly lower mean seed weight (Table 5.2) and contributed to the low HI. However the 
significantly lower ill from the winter sown plants was not primarily the function of a lower 
plant population (Table 3.3), suggesting an inefficiency in distribution of dry matter in winter 
sowing. A similar observation was made with winter sown chickpeas in South Western Australia 
(Siddique and Sedgley, 1986). This reduction in mean seed weight due to possible competition 
between vegetative and reproductive structures for assimilate, was also observed in 1994-95. 
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_There was a significant reduction in mean seed weight in irrigated plants (Table 5.3) and a 27 % 
and 62 % reduction in mean seed weight and TSY respectively as a result of the combination of 
irrigation and reduced light. Because of the indeterminate growth habit of chickpeas, vegetative 
growth continues throughout the reproductive phase. This means that besides the respiratory 
maintenance of established vegetative growth the young developing stems and leaves become 
strong sinks in competition with reproductive structures because they cannot fix enough carbon 
to support their growth (Hay and Walker, 1989). Therefore conditions that favour vegetative 
growth and prolong crop duration inevitably increase the proportion of vegetative sink sites 
competing with reproductive structures for assimilate supply. Low seed yield and HI in July and 
August may also be due to increased flower, pod and seed abortion. Data collected from the July 
sowing in 1993-94 (data not presented), shows that about 58 % of the reproductive structures 
produced, aborted. This may have been caused by cold temperatures early in the season (Saxena, 
1980b; Saxena, 1984; Siddique and Sedgley, 1986; McKenzie et ai., 1992) and/or by the 
competition for assimilates between continuing vegetative growth and the reproductive structures 
formed earlier in the season (Siddique and Sedgley, 1986). Temperatures as low as 10 to 18 DC 
have been reported to cause high abortion of flowers and pods (Savithri et ai., 1980; Saxena, 
1980b). 
Abortion of reproductive structures was higher early in the season in early sown plants and is 
displayed by the fact that seed yield distribution in September sowing was maximum on the 
middle and top third of branches (Fig. 5.6a,b). In the October and November sowings maximum 
seed yield was located on the bottom and middle thirds of branches because most of the 
reproductive abortion occurred on the top third of branches. The location of maximum abortion 
of reproductive structures in winter and early spring (on the lower third of branches) was due to 
low temperatures and low assimilate supply. In late spring sown plants (on the top third of 
branches) it was mainly due to a lack of photosynthetic assimilates. Low incident solar radiation, 
a shorter photoperiod and slow leaf area development due to cold temperatures, reduced the 
amount of assimilate available to reproductive structures which formed early in the season in 
winter and early spring sown plants. Also the high rainfall received by the early spring 
(September) sown plants promoted vegetative growth that competed for assimilates with early 
formed reproductive structures. Low air temperatures experienced by winter and early spring 
sown plants also resulted in ineffective flowering (Savithri et ai., 1980; Saxena l 1980b). In the 
late sown plants maximum abortion at the top of the branches was due to a reduction of 
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__ photosynthetic rate caused by increased water stress experienced towards the end of the growing 
season. Abortion of reproductive structures due to competition between vegetative and 
reproductive growth was also shown by the high abortion rates in the irrigated plants grown 
under reduced light in 1994-95 (Fig. 5.4). Increased vegetative growth, stimulated by irrigation, 
competed with reproductive structures for the limited supply of assimilates produced under 
reduced light intensity. Flower and pod abortion due to low assimilate supply resulting from 
reduced light intensity has been reported in mung beans (Liyanage and McWilliam, 1981). 
The location of seed yield on the branches was influenced by the abortion of reproductive 
structures and mean seed weights at those locations. In September sowing, although the biggest 
seeds were from the middle (317 mg) and bottom (286 mg) thirds of the branches, maximum 
seed yield was produced on the middle followed by the top thirds, even thoug!1 the top third had 
the smallest seeds (194 mg) (Fig. 5.6b). This was because more number of seeds were produced 
on the top third (Fig. 5.6a) compared to the bottom third of the branches due to a higher total 
abortion early in the season in September sown plants. In later sowings (November 1993-94 and 
October 1994-95) the biggest seeds on the bottom (325 mg) and middle (270 mg) thirds of the 
branches combined with the higher number of seeds produced at those locations (Fig. 5.6a), 
resulted in most of the seed yield being produced on the bottom and top thirds (Fig. 5.6b). This 
was helped by the low rates of abortion at these locations. The smallest seeds in the September 
(194 mg), and in the October and November (average of 186 mg) sown plants were located on 
the top third of the branches due to a shorter pod filling period (Sheldrake and Saxena, 1979a; 
Eser et ai., 1991). 
In the Mediterranean region winter sowing of chickpeas instead of spring sowing gave higher 
seed yields because of higher dry matter accumulation (Saxena, 1981). The 1994-95 experiment 
also showed that the highest seed yield equivalent to 3.9 tlha (Fig. 4.2a) in that season was 
achieved by irrigated plants grown in full light. These plants intercepted the most PAR 
(635 MJ/m2) and had the highest dry matter accumulation. This was because irrigation increased 
LAI and prolonged its duration (Fig. 4.4) allowing the plants to accumulate more intercepted 
PAR. This resulted in more production of secondary branches (Appendix 2) and a doubling of 
the number of pods (Table 5.4) and seeds (Appendix 8) produced per plant. Results from this 
study have also shown that accumulating lots of dry matter does not always mean increased seed 
yields. Maximum dry matter accumulated from the August sown plants in 1993-94 was 
148 
significantly higher (74 %) than from July and the spring sown plants (Table 3.3). The August 
sowing had twice the plant population of the July sowing (Table 5.2) and so would have achieved 
canopy closure, with LAI developing at a faster rate than in the July sown plants (Hay and 
Walker, 1989). This, in combination with cooler temperatures, and therefore a longer period of 
growth compared with the spring sowings would have allowed more PAR interception resulting 
in increased dry matter accumulation in the August sown plants. However, seed yield and HI 
of the August sown plants were similar to that in the July sown plants and lower than in spring 
sowings. The low seed yield and HI is attributed to a low mean seed weight (Table 5.2) and 
high abortion of reproductive structures early in the season caused by low temperatures and/or 
competition for assimilates between vegetative growth and reproductive structures. 
A comparison between unirrigated and irrigated plants grown under reduced light in 1994-95 also 
shows that dry matter accumulation and seed yield are not always positively related. Shaded 
irrigated plants intercepted 123 M;J/m2 more PAR and produced 261 g/m2 more maximum dry 
matter than shaded unirrigated plants. However, the favourable soil water supply (specially under 
warm conaitions) that caused increased vegetative growth (Keatinge and Cooper, 1983; Saraf et 
ai., 1990) and therefore dry matter production in the irrigated plants under reduced light also 
resulted in increased competition between vegetative and reproductive sinks for limited assimilate 
produced under low light. This caused a 74 % increase in the rate of abortion of reproductive 
structures (Fig. 5.7b), a 26 % decrease in mean seed weight (Table 5.3) and a 27 % decrease in 
the number of seeds per pod (Table 5.4). The combination of these factors nearly halved both 
seed yield and HI in shaded irrigated plants compared with shaded unirrigated plants (Fig 4.2a,d). 
The highest abortion of reproductive structures recorded in 1993-94 was in September sown 
plants (65 % of total reproductive structures per plant, Fig. 5.4). However, it did not decrease 
seed yield per plant compared with the November sown plants which aborted only 34 % of their 
reproductive structures per plant. September sown plants could compensate for the loss from 
high total abortion by producing 74 % more reproductive structures per plant (Appendix 3). At 
harvest they had 105 seeds per plant compared with 93 (Appendix 6) and a higher mean seed 
weight (Table 5.2), than the November sown plants. The September sown plants also had a 
longer crop duration which allowed them to produce more secondary branches per plant 
(Appendix 2). High abortion in September sown plants is attributed to the very high rainfall 
(137 mm more than November sowing) received by the crop during its reproductive growth 
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_period. Vanna and Kumari (1978) observed that up to 33 % of flower and pod abortion in 
chickpeas coincided with rainfall and cloudy weather. This is supported by the high total 
abortion (57 % of total reproductive nodes per plant, Fig. 5.4) observed in shaded irrigated plants 
(1994-95). Irrigation promoted vegetative growth which competed with reproductive structures 
for the limited assimilates produced under low light, causing a high proportion of reproductive 
structures to abort. While, rain alleviates water stress, promoting leaf expansion and continued 
crop growth, the cloudy weather that is associated with rains causes low light intensity (Hay and 
Walker, 1989) and reduced incident and intercepted PAR. This produces a similar competition 
for limited assimilates between vegetative and reproductive sinks as was observed in shaded 
irrigated plants. Even when light is not limiting, excess soil moisture leads to excessive 
vegetative growth at the expense of seed yield (Saraf et ai., 1990). A positive relationship 
(r = 0.712) between total abortion and moisture received was also obsetved in this study 
(Fig. 5.8). Thus, although in this case high abortion in early spring did not significantly decrease 
seed yield compared with later spring sowings, there was a large loss of potential seed yield. 
Because hypothetically the earlier spring sowing should have resulted in significantly higher seed 
yield than the November sowing. 
The effect of sowing date on seed yield per unit area was mainly due to the influence of plant 
population. This was evident in the 1993-94 season (Table 3.3). Spring sown plants produced 
significantly higher seed yield compared with winter sown plants, but there was no difference 
in seed yield production among the spring sowings. However, the III in November sown plants 
(0.44) was significantly, higher than in September sown plants (0.37), independent of the 
influence of plant population (Table 3.3). This indicates that mid to late spring sowing had a 
higher production of seed yield per gram of dry matter accumulated. The October sown control 
(unshaded un irrigated) plants in 1994-95 also had a high III (0.56) and a seed yield of 328 g/m2 
(Fig.4.2a). This was similar to that produced by November sown plants in 1993-94. The high 
ill in November (1993-94) sown and October (1994-95) sown control plants was mainly because 
of low total abortion of reproductive structures (about 30 %) compared with early spring and 
winter sowings (up to 65 %) (Fig. 5.4). 
This study confirms the results of McKenzie and Hill (1995) who suggested that there was no 
advantage to be gained by sowing chickpeas in Canterbury during autumn and winter. It further 
suggests that to ensure a good crop stand and high seed yield with a stable ill, the optimum 
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__ sowing time for chickpeas in Canterbury is from October to early November. This can lead to 
seed yields equivalent to over 3 t/ha, which is about three times the average farm production in 
India, the largest producer of chickpeas in the world, and twice that in Australia (FAO, 1995). 
The significant response to nitrogen in 1993-94 and not in 1992-93 is mainly attributed to low 
available soil nitrogen in 1993-94 (Table 3.1) due to the previous barley crop. In 1992-93 
available soil nitrogen was higher due to the previous crop being pasture. Previous reports on 
the effect of nitrogen application in chickpeas under Canterbury field conditions showed a 
significant response to 50 and 100 kg N/ha when grown after a barley crop (McKenzie, et al., 
1994; McKenzie and Hill, 1995). Positive responses to nitrogen in chickpeas have been shown 
by other workers (Chowdhury et al., 1972; Saxena, 1987; Subba Rao, 1988; Thakur et al., 1989) 
possibly because chickpeas do not fix sufficient nitrogen for their own neeQs even if vigorous 
nodules are present (Beck et al., 1991). However this study shows that in Canterbury, nitrogen 
application is onlywarrantedjf the available soil nitrogen levels are sufficiently low. 
Rhizobium inoculation work in Canterbury has only once been successful in increasing yield 
(Hernandez, 1986) using the same strain of Rhizobium as used in this study. The results obtained 
in this study however, correspond to those obtained by McKenzie and Hill (1995) in Canterbury. 
There are many reasons why Rhizobium inoculation is usually ineffective. Readily available soil 
nitrogen (Saxena and Sheldrake, 1980), the unusually cold and wet conditions restricting 
nodulation and nitrogen fixation (Rupela and Saxena, 1987; Rupela and Beck, 1990) and the 
flushing down of Rhizobia through the soil profile due to excessive rain (Worral and Roughley, 
1976) are the most probable reasons why Rhizobium inoculation was not found to be effective 
in the 1992-93 season. It is also possible that Rhizobium remaining in the soil from Hernandez's 
trial may have been responsible for masking the effects of inoculation in 1992-93. However, 
since the response of Rhizobium inoculation is also very genotype specific (Beck, 1992), it is 
possible that Rhizobium strain CC1192 is not fully compatible with cv Hernandez. Therefore 
there is a need to identify suitable Rhizobium strains for the cultivars of chickpea grown in 
Canterbury . 
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7.1.3 Phenology 
Over all three growing seasons, sowing date had the greatest influence on the phenological 
progression of the crop from sowing to flowering and harvest maturity. Time to flowering was 
considered the most critical stage because the environmental conditions at flowering and during 
the reproductive phase decide percentage of pod set and final seed yield (Savithri et at., 1980; 
Saxena, 1984). Therefore matching the flowering time of the crop to the resources and 
constraints of the planting environment is the first step towards maximising seed yield 
(Summerfield et at., 1994). To do this, an accurate prediction of the time to flowering and other 
phenological stages must be made. 
The phenological progression of the crop in response to thermal and phototh_ermal conditions is 
best expressed as a rate of progress towards the different stages (Summerfield et at., 1991). A 
linear relationship between development rate from emergence to flowering and temperature has 
previously been reported in chickpeas (Summerfield et at., 1984; Roberts et at., 1985; 
Summerfield and Roberts, 1988). In this study a significant linear relationship (r = 0.889) was 
observed (Fig. 6.2b). Chickpeas, most commonly being considered as quantitative long day 
plants, are also photoperiod sensitive (Khanna-Chopra and Sinha, 1987; Summerfield et at., 
1994). This experiment also reports a linear increase in the rate of development.from emergence 
to flowering with increasing photoperiods (Fig. 6.3). Therefore the rate of development from 
, 
emergence to flowering in chickpea cv Hernandez depended on both temperature and photoperiod 
(Fig. 6.4). The lengths of the other phases (S-E, F-MP and MP-HM) were dependent on 
temperature. This photothermal response of the rate of development from emergence to 
flowering in chickpeas is well documented (Roberts et at., 1985; Summerfield and Roberts, 1988; 
Summerfield et at., 1992; Summerfield et aI., 1994; Ellis et at., 1994). However, responses to 
temperature and photoperiod have been observed to vary with genotype (Roberts, et at., 1985; 
Ellis et at., 1994). 
The response to temperature and photoperiod, expressed in photothermal units, was calculated 
using the method of Gallagher et at. (1983) (Equation 6.2), with 4 °C as base temperature 
(Fig. 6.2b) and 10 hours as base photoperiod (Fig. 6.3). Reports of base temperatures used by 
other workers in chickpeas ranges from 0 to 8 °C (Summerfield et at., 1980, 1991; Sharma and 
Sonakiya, 1990; Piara Singh, 1991). The base temperature used in this study falls well within 
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__ this range. Ellis et al. (1994) have reported that in most environments where chickpeas are 
currently grown the crop experiences photoperiods that lie well within their defined ceiling (Pee) 
-and critical (Pe) photoperiods. With mean photoperiods ranging from 11.3 to 15.6 they were 
unable to detect any photoperiodic limits (i.e. Pe and Pee). Roberts et al. (1985) found in lentils 
that there was no evidence of a critical photoperiod over the range of 10-16 hours. They 
suggested that the response of chickpeas is likely to be very similar to that found in lentils. The 
range of mean photoperiods from emergence to flowering experienced in this study was 13.8 
(range 11.4-16.1) to 16.5 (range 16.4-16.6) hours. This range was very similar to that reported 
in literature and had no indication of a critical photoperiod. There was no response to 
photoperiod below 10 hours in cv Hernandez. 
In this study a highly accurate prediction of time from emergence to floweri_ng for chickpeas in 
Canterbury was made based on an accumulated mean photoperiod-corrected thermal time 
requirement of 179°C days above a base temperature of 4 °C (Fig. 6.5). However, this model 
will not be successful with chickpea cultivars with a vernalization requirement. 
7.2 CONCLUSIONS 
From the three experiments conducted over 1992-95 the following conclusions can be made: 
1. The optimum time for sowing chickpeas in Canterbury has been found to be from October 
to early November, giving seed yields of up to the equivalent of 3.3 t1ha. 
2. Application of nitrogen was only beneficial to seed yield when chickpeas were grown on 
a soil that had a low available nitrogen level. 
3. Inoculation with Rhizobium was not effective in increasing yield. 
4. Under Canterbury conditions, photo-thermal units of 179°C days above a base temperature 
of 4 °C are required for cv Hernandez to reach flowering stage. 
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5. The main yield components that contributed to increased seed yield were plant population, 
pods per plant and mean seed weight. 
6. The main stem, primary and secondary branches accounted for approximately to, 20-30 
and 60-70 % of total number of branches per plant. Maximum seed yield per plant was 
produced on the secondary branches followed by primary branches and main stem. The 
occurrence of total abortion also followed the same trend. 
7. The rate of pod set was 23 % faster and abortion 58 % lower in November sown plants 
compared with September sown plants. Reduced light intensity with shade decreased the 
rate of pod set by 41 %. A combination of low light and irrigation (shaded irrigated) 
resulted in a 57 % higher abortion rate per plant per day compa!ed with unshaded 
unirrigated, unshaded irrigated and shaded un irrigated plants. 
8. Maximum seed yield on all branch groups was located on the middle followed by the top 
thirds of the branch in early sown plants (September), while in the later sowings (October 
and November) it was located on the bottom followed by middle third. The location of 
low seed yield corresponded with high abortion. 
9. An increase in abortion was positively related with the total amount of water received by 
the crop from first flower to physiological maturity. But the 1994-95 experiment showed 
clearly that high abortion resulted from a combination of high moisture and reduced light 
intensity. The highest abortion of reproductive structures occurred in the form of flowers 
and green pods. 
. 7.3 RECOMMENDATIONS FOR FUTURE RESEARCH 
Some areas for future research that have come out of this study are: 
1. Testing Rhizobium strain-cultivar specificity for chickpea cultivars suited to the Canterbury 
region. 
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2. This study showed that temperature, rainfall, relative humidity and wind speed did not 
correlate with phases of increased abortion of reproductive structures within the growing 
season for any treatment tested. However, a relationship between total abortion and total 
rainfall was observed. A clearer understanding of the effect of specific adverse weather 
conditions on abortion of reproductive structures could be obtained from a controlled 
environment study. The study could look at the effect relative humidity within the canopy 
caused by rain and cloudy weather has on abortion and also the effect of extremes of 
temperature the crop may possibly experience in the field. 
3. Although early sowing in Canterbury has not been found to provide yield advantages, 
testing of the cold tolerant and disease resistant cultivars that are being released by the 
International Centre for Agricultural Research in Dry Areas (ICARD~, 1993, 1995) may 
prove beneficial in this region. In addition, identification of clear causes of poor crop 
stands in winter observed in this study may be necessary. 
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Appendix 1. 
APPENDICES 
Plates showing examples of (a) flower buds, (b) flowers, (c) green pods, 
(d) expanded pods and (e) mature pods. 
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Appendix 2. Total number of primary and secondary branches per plant as affected by 
sowing date and nitrogen (1993-94) and shade and irrigation (1994-95). 
Primaries SEM Secondaries SEM 
1993-94 . 
September 0 kg Nlha 3 0.30 15 3.1 
September 90 kg Nlha 3 0040 11 2.6 
November 0 kg Nlha 3 0.18 ·12 104 
November 90 kg Nlha 4 0043 11 1.0 
1994-95 
Unshaded Unirrigated 2 0.18 9 0.59 
Unshaded Irrigated 3 0.31 11 2.0 
Shaded Unirrigated 2 0 7 0.50 
Shaded Irrigated 3 0.34 6 0.60 
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Appendix 3. The effect of sowing date and nitrogen on the total number of reproductive 
and vegetative nodes on main stem (MS), primary (PM) and secondary (SC) 
branches per plant in the 1993-94 season. 
Vegetative SEM Reproductive SEM 
nodes nodes 
September 
o kg N/ha 
MS 12 0.95 23 1.7 
PM 19 4.7 55 4.6 
SC 40 7.9 167 30.6 
September 
90 kg N/ha 
MS 9 0 21 5.5 
PM 12 3.0 46 15.0 
SC 16 3.0 105 4.5 
November 
o kg N/ha 
MS 13 0.58 14 0.50 
PM 22 1.7 39 1.7 
SC 29 3.5 88 8.9 
November 
90 kg N/ha 
MS 13 0.60 14 0.60 
PM 25 4.6 41 5.2 
SC 23 3.2 63 5.2 
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Appendix 4. The effect of sowing date and nitrogen on the total number of reproductive 
and vegetative nodes on main stem (MS), primary (PM) and secondary (SC) 
branches per plant in the 1994-95 season. 
Vegetative SEM Reproductive SEM 
nodes nodes 
Unshaded 
Unirrigated 
MS 14 1.0 10 
-
0.57 
PM 22 1.4 21 0.89 
SC 20 1.6 33 3.5 
Unshaded 
Irrigated 
MS 15 0.42 15 1.0 
PM 23 2.4 39 8.1 
SC 28 3.4 78 25.2 
Shaded 
Un irrigated 
MS 14 0.61 13 0.63 
PM 19 1.1 21 0.79 
SC 15 1.5 33 3.1 
Shaded 
Irrigated 
MS 15 0.22 20 1.5 
PM 21 2.4 44 5.6 
SC 14 1.9 65 14.4 
180 
Appendix 5. Total number of reproductive nodes per plant that either produced filled 
mature pods, empty mature pods or aborted on the main stem (MS), 
primary (PM) and secondary (SC) branches, for the 1993-94 season. 
Filled Empty Total 
mature SEM mature SEM abortion SEM 
pods pods 
September 
o kg N/ha 
MS 6 1.6 2 0.72 15 0.91 
PM 16 2.5 2 0.63 37 4.4 
SC 51 8.9 9 0.75 107 23.9 
Total 73 9.7 13 0.27 159 27.4 
September 
90 kg N/ha 
MS 8 1.5 1 0.75 12 5.5 
PM 13 2.0 2 1.0 31 15.5 
SC 43 11.0 10 1.7 52 14.0 
Total 64 14.5 13 4.2 95 35.0 
November 
o kg Nlha 
MS 7 0.86 1 0.24 6 1.7 
PM 20 1.4 6 1.2 13 1.5 
SC 52 5.4 7 1.5 29 4.5 
Total 79 5.4 14 2.9 48 5.5 
November 
90 kg N/ha 
MS 9 0.86 2 0.58 3 0.87 
PM 28 3.0 3 1.0 10 1.7 
SC 36 4.2 4 0.93 23 2.8 
Total 73 5.9 9 2.1 36 3.9 
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Appendix 6. Total number of reproductive nodes per plant that either produced filled 
mature pods, empty mature pods or aborted on the main stem (MS), 
primary (PM) and secondary (SC) branches, for the 1994-95 season. 
Filled Empty Total 
mature SEM mature SEM abortion SEM 
pods pods 
Unshaded 
U nirrigated 
MS 7 0.73 1 0.18 2 0.39 
PM 14 0.96 1 0.58 6 0.59 
SC 17 3.0 3 1.3 13 1.0 
Total 38 4.6 5 1.9 21 1.6 
Un shaded 
Irrigated 
MS 9 1.7 3 1.4 3 0.49 
PM 22 5.4 5 1.7 12 3.6 
SC 37 11.4 7 1.6 34 13.0 
Total 68 18.0 15 3.9 49 16.6 
Shaded 
Unirrigated 
MS 9 0.79 0 0 4 0.38 
PM 12 1.3 3 0.62 6 0.70 
SC 12 2.9 4 0.44 17 1.8 
Total 33 4.5 7 0.86 27 2.0 
Shaded 
Irrigated 
MS 8 1.4 4 0.56 9 2.4 
PM 12 3.2 7 1.9 25 6.9 
SC 16 9.4 8 2.6 40 5.8 
Total 36 13.3 19 2.2 74 13.8 
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Appendix 7. Total number of seeds per plant and total seed weight per plant on the main 
stem (MS), primary (PM) and secondary (SC) branches in the 1993-94 
season. 
Total number of Total seed weight 
seeds per plant SEM per plant SEM 
(g) 
September 
o kg N/ha 
MS 9 2.1 2 0.64 
PM 21 2.4 7 0.77 
SC 75 17.5 20 3.3 
Total 105 18.2 29 3.3 
September 
90 kg N/ha 
MS 14 2.0 4 0.52 
PM 20 3.0 6 0.85 
SC 72 23.0 20 7.6 
Total 106 28.0 30 9.0 
November 
o kg N/ha 
MS 9 1.1 3 0.53 
PM 25 2.3 7 0.84 
SC 59 5.6 16 1.9 
Total 93 6.6 26 2.9 
November 
90 kg N/ha 
MS 12 1.4 4 0.29 
PM 34 4.9 10 1.5 
SC 38 3.3 11 1.4 
Total 84 5;9 25 2.5 
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Appendix 8. Total number of seeds per plant and total seed weight per plant on the main 
stem (MS), primary (PM) and secondary (SC) branches in the 1994-95 
season. 
Total number of Total seed weight 
seeds per plant SEM per plant SEM 
(g) 
Unshaded Unirrigated 
MS 10 1.3 3 0.46 
PM 18 1.7 6 0.79 
SC 18 3.2 5 1.4 
Total 46 6.2 14 2.6 
Unshaded Irrigated 
MS 11 2.5 3 0.81 
PM 28 7.2 8 1.9 
SC 45 14.7 11 3.8 
Total 84 23.6 22 6.3 
Shaded Unirrigated 
MS 12 1.1 3 0.34 
PM 17 2.1 5 0.59 
SC 15 3.5 4 0.89 
Total 44 6.2 12 1.7 
Shaded Irrigated 
MS 11 2.3 2 0.53 
PM 16 5.1 3 1.2 
SC 23 13.0 5 2.9 
Total 50 19.3 10 4.3 
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Appendix 9. Distribution of the total number of seeds per plant on the bottom, middle 
and top third of the main stem (MS), primary (PM) and secondary (SC) 
branches, in the 1993-94 season, as effected by sowing date and nitrogen. 
Bottom SEM Middle SEM Top SEM 
third third third 
September 
o kg Nlha 
MS 0 0 4 1.3 5 1.2 
PM 2 0.91 14 0.87 5 0.96 
SC 12 3.2 42 9.5 21 5.8 
September 
90 kg Nlha 
MS 2 2.0 8 0.50 4 0.50 
PM 6 3.5 12 2.0 2 2.0 
SC 25 12.0 39 8.5 8 2.5 
November 
o kg Nlha 
MS 3 0.48 4 0.76 2 0.21 
PM 9 1.5 10 1.2 6 1.2 
SC 29 3.4 20 2.7 10 1.8 
November 
90 kg N/ha 
MS 4 1.2 5 0.74 3 1.2 
PM 16 3.0 12 2.9 6 1.2 
SC 19 1.2 11 1.5 8 1.8 
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Appendix 10. Distribution of the total number of seeds per plant on the bottom, middle 
and top third of the main stem (MS), primary (PM) and secondary (SC) 
branches, in the 1994-95 season, as effected by shade and irrigation. 
Bottom SEM Middle SEM Top SEM 
third third third 
Unshaded 
Unirrigated 
MS 6 0.62 4 0.61 0 0 
PM 11 0.80 7 0.84 0 0 
SC 10 1.3 6 1.7 2 0.63 
Unshaded 
Irrigated 
MS 5 1.1 4 . 1.5 2 0.60 
PM 14 3.6 10 2.7 4 1.6 
SC 22 5.9 18 6.1 5 2.9 
Shaded 
Unirrigated 
MS 6 0.42 6 0.72 0 0 
PM 10 1.2 6 0.68 1 0.50 
SC 9 1.9 6 1.5 0 0 
Shaded 
Irrigated 
MS 5 1.8 6 0.87 0 0 
PM 9 2.8 6 2.4 0 o· 
SC 14 7.5 9 5.3 0 0 
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Appendix 11. Distribution of total seed weight (g) per plant on the bottom, middle and top 
third of the main stem (MS), primary (PM) and secondary (SC) branches, in 
1993-94, as effected by sowing date and nitrogen. 
Bottom SEM Middle SEM Top SEM 
third third third 
September 
o kg N/ha 
MS 0 0 1 0.46 
-
1 0.28 
PM 1 0.35 5 0.32 1 0.37 
SC 3- 0.85 13 1.9 4 0.89 
September 
90 kg N/ha 
MS 1 0.19 2 0.79 1 0.13 
PM 2 1.0 3 0.81 1 0.16 
SC 7 3.9 11 3.7 2 0.59 
November 
o kg N/ha 
MS 1 0.22 1 0.31 1 0.13 
PM 3 0.51 3 0.48 1 0.25 
SC 9 1.1 5 0.87 2 0.41 
November 
90 kg N/ha 
MS 2 0.18 1 0.26 1 0.33 
PM 5 0.94 4 0.76 1 0.35 
SC 6 0.44 3 0.53 2 0.59 
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Appendix 12. Distribution of total seed weight (g) per plant on the bottom, middle and top 
third of the main stem (MS), primary (PM) and secondary (SC) branches, in 
1994-95, as effected by different combinations of shade and irrigation. 
Bottom SEM Middle SEM Top SEM 
third third third 
Unshaded 
Unirrigated 
MS 2 0.23 1 0.18 0 0 
PM 4 0.36 2 0.34 0 0 
SC 3 0.70 1.7 0.57 0.3 0.18 
Un shaded 
Irrigated 
MS 1.6 0.31 1 0.45 0.4 0.17 
PM 4 1.0 3 0.69 1 0.37 
SC 6 1.8 4 1.5 1 0.51 
Shaded 
Unirrigated 
MS 2 0.17 1 0.17 0 0 
PM 3 0.31 1.7 0.23 0.3 0.09 
SC 3 0.55 1 0.33 0 0 
Shaded 
Irrigated 
MS 1 0.44 1 0.19 0 0 
PM 2 0.65 1 0.62 0 0 
SC 3 1.8 2 1.0 0 0 
Appendix 13. 
September 
o kg N/ha 
MS 
PM 
SC 
Total 
November 
o kg N/ha 
MS 
PM 
SC 
Total 
November 
90 kg N/ha 
:MS 
PM 
SC 
Total 
Total abortion per plant in relation to the different phenological stages that aborted for 1993-94. The different stages are buds 
(B), flowers (F), green pods (GP), expanded pods (EP), mature pods (MP) and total reproductive node abortion per plant (TAB). 
B SEM F SEM GP SEM EP SEM MP SEM TAB SEM 
1 0.29 10 0.41 4 1.1 1 0.29 0 0 15 0.91 
3 0.89 24 4.1 8 0.91 1 0.25 0 0 37 4.4 
18 4.8 60 17.9 25 3.4 4 0.41 0 0 107 23.9 
22 5.0 94 21.4 37 2.7 6 0.75 0 0 159 27.4 
0 0 3 0.56 1 0.26 1 0.37 0 0 6 1.7 
3 1.5 4 0.63 5 1.7 2 0.40 1 0.33. 13 1.5 
6 2.2 9 1.7 11 2.2 2 0.72 0 0 29 4.5 
9 2.4 16 2.2 17 2.8 5 0.99 1 0.33 48 5.5 
1 0.20 0 0 2 0.87 0 0 0 0 3 0.87 
2 0.81 3 0.75 4 0.81 0 0 0 0 10 1.7 
10 1.9 4 1.2 9 0.93 1 0.25 0 0 23 2.8 
13 3.2 7 1.2 15 0.37 1 0.20 0 0 36 3.9 
-00 00 
Appendix 14. Total abortion per plant in relation to the different phenological stages that aborted for 1994-95. The different stages are buds 
(B), flowers (F), green pods (GP), expanded pods (EP), mature pods (MP) and total reproductive node abortion per plant (TAB). 
B SEM F SEM GP SEM EP SEM MP SEM TAB SEM 
Unshaded 
Unirrigated 
MS 0 0 0.27 0.27 0 0 0 0 2 0.39 
PM 0 0 0.32 4 0.46 0 0 0 0 6 0.59 
SC 0.44 5 0.82 8 0.92 o· 0 0 0 13 1.0 
Total 0.42 7 1.3 13 0.89 0 0 0 0 21 1.6 
Unshaded 
Irrigated 
MS 0.37 0.60 0.48 0 0 0 0 3 0.49 
PM 2 0.67 '") 0.83 7 3.2 0.33 0 0 12 3.6 
SC 5 1.2 9 4.5 16 7.7 3 1.3 0 0 34 13.0 
Total 8 2.0 13 5.3 24 11.1 4 1.5 0 0 49 16.6 
Shaded 
Unirrigated 
MS 0 0 0.26 2 0.45 0 0 0 0 4 0.38 
PM 0 0 2 0.32 4 0.67 0 0 0 0 6 0.70 
SC 5 1.2 4 0.42 9 1.8 0 0 0 0 17 1.8 
Total 5 1.4 7 0.37 15 2.4 0 0 0 0 27 2.0 
-00 
\0 
Appendix 14 continued 
B SEM F SEM GP SEM EP SEM MP SEM TAB SEM 
. Shaded 
Irrigated 
MS 1 0.33· 4 1.1 3 0.99 1 0.48 0 0 9 2.4 
PM 3 0.96 9 3.6 12 2.6 2 0.33 0 0 25 6.9 
SC 9 1.9 15 4.1 13 2.7 2 0.54 0 0 40 5.8 
Total 13 2.1 28 7.8 28 5.7 5 1.1 0 0 74 13.8 
-\0 o 
Appendix 15. 
_ Bottom third 
_ Middle third 
D Top third 
September 0 kg N/ha 
September 90 kg N/ha 
November 0 kg N/ha 
November 90 kg N/ha 
MAIN STEM 
. 
15 
12 
6 
3 
191 
PRIMARIES SECONDARIES 
37 107 
31 52 
13 29 
10 23 
Location of abortion on the bottom, middle and top third of the main stem, 
primary and secondary branches as a percentage of total reproductive nodes 
that aborted per branch group per plant (1993-94 season). '" = total number 
of abortions. 
_ Bottom third 
_ Middle third 
D Top third 
MAIN STEM 
Unshaded Unirrigated 100.0 
2 
Unshaded Irrigated 
3 
Shaded Unirrigated 
4 
Shaded Irrigated 
9 
192 
PRIMARIES SECONDARIES 
6 13 
12 34 
6 17 
25 40 
Appendix 16. Location of abortion on the bottom, middle and top third of the main stem, 
. primary and secondary branches as a percentage of total reproductive nodes 
that aborted per branch group per plant (1994-95 season). * = total number 
of abortions. 
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Appendix 17. 
September 0 kg N/ha 
UCL=3.883 
---------------">t- U=2.281 
LCL=0.6792 
5 10 
Sample Number 
Control chart showing the rate of abortion per plant in tenns of the 
proportion of reproductive nodes aborting for September 1993-94 
193 
(0 kg Nlha). D = average number of reproductive nodes aborted per plant 
per day; VCL = three sigma limits above the mean value; LCL = three 
sigma limits below the mean value; Sample Number = day of recording 
data. 
194 
November 0 kg Nlha 
3 ----, I 
I 
I LJ UCL=2.622 
~ 2 
~ 
c:: 
0 
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1:: 
0 
'< 1 U=0.9412 
o LCL=O.OOO 
o 5 10 
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Appendix 18. Control chart showing the rate of abortion per plant in tenns of the 
proportion of reproductive nodes aborting for November 1993-94 
(0 kg N/ha). D = average number of reproductive nodes aborted per plant 
per day; DCL = three sigma limits above the mean value; tCL = three 
sigma limits below the mean value; Sample Number = day of recording 
data. 
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Appendix 19. 
November 90 kg N/ha 
UCL=2.161 
U=0.7059 
LCL=O.OOO 
5 10 
Sample Number 
Control chart showing the rate of abortion per plant in terms of the 
proportion of reproductive nodes aborting for November 1993-94 
195 
(90 kg Nlha). D = average number of reproductive nodes aborted per plant 
per day; DCL = three sigma limits above the mean value; LCL = three 
sigma limits below the mean value; Sample Number = day of recording 
data. 
196 
Unshaded Unirrigated 
2 
~--IL--' _~_--; 
L UCL=1.263 
---.-----~====7------'~- U=O.5556 
o LCL=O.OOO 
1 2 3 4 5 6 7. 
Sample Number 
Appendix 20. Control chart showing the rate of abortion per plant in terms of the 
proportion of reproductive nodes aborting for the unshaded unirrigated 
plants (1994-95). D = average number of reproductive nodes aborted per 
plant per day; UCL = three sigma limits above the mean value; LCL = three 
sigma limits below the mean value; Sample Number =. day of recording 
data. 
2 
~ 
~ 
en 
s:: 1 0 
't! 
0 
< 
o 
o 
Appendix 21. 
Unshaded Irrigated 
UCL=1.286 
U=0.5698 
----------------x·- LCL=O.OOO 
5 10 
Sample Number 
15 
197 
Control chart showing the rate of abortion per plant in tenns of the 
proportion of reproductive nodes aborting for the unshaded irrigated plants 
(1994-95). D = average number of reproductive nodes aborted per plant per 
day; VCL = three sigma limits above the mean value; LCL = three sigma 
limits below the mean value; Sample Number = day of recording data. 
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Appendix 22. 
198 
Shaded Unirrigated 
UCL=1.038 
U=0.3012· 
LCL=O.OOO 
5 10 
Sample Number 
Control chart showing the rate of abortion per plant in terms of the 
proportion of reproductive nodes aborting for the shaded unirrigated plants 
(1994-95). D = average number of reproductive nodes aborted per plant per 
day; VCL = three sigma limits above the mean value; LCL = three sigma 
limits belowthe mean value; Sample Number = day of recording data. 
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o 5 
Shaded Irrigated 
10 
Sample Number 
199 
UCL=1.636 
U=O.7629 
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Appendix 23. Control chart showing the rate of abortion per plant in terms of the 
proportion of reproductive nodes aborting for the shaded iqigated plants 
(1994-95). U = average number of reproductive nodes aborted per plant per 
day; VCL = three sigma limits above the mean value; LCL = three sigma 
limits below the mean value; Sample Number = day of recording data. 
